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(§)  Acidified  meat  analog  product. 

This  invention  relates  to  acidified  sauce  products,  specifical- 
ly,  to  products  containing  textured  protein  or  analog  simulating 
loose,  cooked  ground  meat.  This  invention  further  relates  to  an 
acidification  process  for  the  preparation  of  such  products.  This 
acidification  process  minimizes  the  necessary  pH  equilibration 
time  and  generates  a  shelf-stable  product  with  optimum  texture 
and  flavor,  and  low  fat  content. 



Technica l   F ie ld  

This  inven t ion   re la tes   to  ac idi f ied  sauce  :   p r o d u c t s ,  

spec i f i ca l ly ,   to  p r o d u c t s   con ta in ing   t e x t u r e d   p ro te in   or  a n a l o g  

s imulat ing  loose,  cooked  g r o u n d   meat.  This  invent ion   f u r t h e r  

re la tes   to  a  p rocess   for  the  p r e p a r a t i o n   of  such  p r o d u c t s .  

B a c k g r o u n d   of  the  I n v e n t i o n  

A  va r i e ty   of  food  p r o d u c t s   con ta in ing   meat  are  r e a d i l y  

a d a p t a b l e   to  r e p l a c e m e n t   of  the i r   normal  meat  c o n s t i t u e n t s   w i t h  

t e x t u r e d   vege t ab l e   p r o t e i n .   These   foods  include  sauces   such  a s  

s p a g h e t t i   sauce ,   taco  s auce ,   chili  mixes  and  o t h e r s .   P u r e l y  

thermal   s t e r i l i za t ion   of  such  p r o d u c t s   leads  to  loss  in  f l a v o r  

a c c e p t a b i l i t y   due  to  the  d e v e l o p m e n t   in  the  p r o d u c t   of  b u r n e d   a n d  

b rowned   f l avors ,   as  well  as  thermal   react ion  p r o d u c t   o f f - f l a v o r s .  

The  Federal   R e g u l a t i o n s   of  the  Food  and  Drug  A d m i n i s t r a t i o n  

permit   c a n n e r s   of  foods  to  acidify  their   p r o d u c t s   to  a  pH  of  4 . 6  

or  below  as  an  a l t e r n a t i v e   to  thermal  r e to r t   s t e r i l i z a t i o n .   B y  

ac id i f ica t ion   of  such  p r o d u c t s   to  a  pH  of  4.6  or  below,  t h e  

p r o d u c t s   are  r e n d e r e d   microbio logica l ly   safe  if  the  p r o d u c t s   a r e  

sealed  into  c o n t a i n e r s   at  e l eva t ed   t e m p e r a t u r e s ,   and  held  for  a 

su f f i c i en t   time  to  d e s t r o y   molds,   y e a s t s ,   and  v e g e t a t i v e   b a c t e r i a  

pr ior   to  cooling.   Most  ac id i f ied   foods  are  kept   at  a  pH  well  be low 

4.6,   because   above  abou t   4 .2,   g rowth   of  Bacil lus  c o a g u l a n s  

o c c u r s ,   caus ing  flat  sour   spoi lage   of  the  p r o d u c t .   A c i d i f i c a t i o n  

permi ts   use  of  less  s e v e r e   p r o c e s s i n g   cond i t ions   w i t h o u t  

sac r i f i c ing   p r o d u c t   s a f e t y .  

Several   p r o c e s s i n g   t e c h n i q u e s   for  ac id i f ica t ion   are  a p p r o v e d  

by  the  Food  and  Drug  A d m i n i s t r a t i o n .   These   inc lude  1)  b l a n c h -  

ing  of  the  food  i n g r e d i e n t s   in  acidif ied  a q u e o u s   so lu t ions ;   2) 

immersion  of  the  b l a n c h e d   food  in  acidif ied  a q u e o u s   s o l u t i o n s ;  



3)  d i rec t   batch  ac idi f ica t ion  by  add ing   a  known  amount  of  an  a c id  

solution  to  a  specif ied  amount   of  food;  4)  d i rec t   addit ion  of  a 

p r e d e t e r m i n e d   amount  of  acid  to  individual   con ta ine r s   d u r i n g  

p r o d u c t i o n ;   and  5)  addi t ion  of  acid  foods  to  low-acid  foods  in 

con t ro l l ed   p r o p o r t i o n s   to  conform  to  specif ic   f o r m u l a t i o n s .  

When  meat,  pou l t r y ,   or  t e x t u r e d   prote in   is  a  component   o f  

acidif ied  foods  it  acts  as  a  b u f f e r   and  ra ises   the  pH  of  t h e  

p r o d u c t .   At  a  h igher   pH  the  g rowth   of  bac te r ia   is  f avored .   In 

add i t i on ,   the  internal   pH  of  pieces  of  t e x t u r e d   p ro te in ,   meat,  o r  

p o u l t r y ,   can  have  a  c en t e r   pH  g r e a t e r   than  that   of  the  food  

p r o d u c t   as  a  whole,  thus   p r o v i d i n g   an  e n v i r o n m e n t   f a v o r i n g  

bac te r ia l   g rowth .   T h e r e f o r e ,   to  insure   p r o d u c t   safe ty   a n d  

s tab i l i ty   it  must  be  pe rmi t t ed   to  e q u i l i b r a t e   to  a s su r e   that   a  low 

cen t e r   pH  has  been  ach i eved .   This  equ i l i b r a t i on   time  can  r e q u i r e  

severa l   days  or  weeks  d e p e n d i n g   upon  the  c h a r a c t e r i s t i c s   of  t h e  

individual   p r o d u c t .   A  means  for  minimizing  this  equ i l ib ra t ion   t ime 

while  a s s u r i n g   a  safe  s h e l f - s t a b l e   p r o d u c t   is  d e s i r a b l e .  

U.S.  Patent   3,886,296  of  Brooks   et  a l . ,   issued  May  27,  1975,  

d isc loses   a  hot  acid  b lanching   p r o c e s s   for  canning  foods  w h e r e i n  

the  food  pa r t i c les   are  b lanched   with  a  hot  acid  solution  to  a  pH  o f  

5.0,   s u b m e r s e d   totally  within  a  liquid  phase  having  a  pH  be low 

4.5,  and  heat  s t e r i l i zed .   The  pH  of  the  food  is  measured   on  t h e  

total  p r o d u c t   in  comminuted  form.  However ,   the  pH  of  the  c e n t e r  

of  d i s c r e t e   pieces  could  be  h i g h e r .   Direct   ac id i f ica t ion ,   i n s t e a d  

of  acid  b l anch ing ,   of  meat,  p o u l t r y   or  t e x t u r e d   protein  p a r t i c l e s  

to  a  pH  well  below  5.0  would  aid  in  d e c r e a s i n g   the  time  r e q u i r e d  

to  lower  the  pH  t h r o u g h o u t   the  p r o d u c t .   Direct  a c i d i f i c a t i o n  

would  also  eliminate  the  r e q u i r e m e n t   for  total  liquid  cove rage   o f  

food  pa r t i c les   in  the  final  p r o d u c t .   However ,   it  has  been  f o u n d  

that   if  g r o u n d   meat  or  pou l t ry   is  acidif ied  to  below  about   4 . 8  

pr ior   to  its  combinat ion  with  a  liquid  or  sauce  phase  the  m e a t  

becomes  d iscolored   and  d i s i n t e g r a t e d .   Acid  b lanching   c a u s e s  

d e s t r u c t i o n   of  cellular   i n t e g r i t y ,   and  meat  or  pou l t ry   becomes  s o f t  

or  mushy  in  t e x t u r e .   Acid i f ica t ion   can  also  have  an  a d v e r s e  

ef fec t   on  t e x t u r e d   p ro te in .   Acid i f ica t ion   of  t e x t u r e d   prote in   c a n  

cause  it  to  d i s i n t e g r a t e   by  d e c r e a s i n g   the  func t iona l i ty   of  t h e  

b inde r   employed.   As  pH  d e c r e a s e s ,   b inding   genera l ly   d e c r e a s e s .  



T e x t u r e   and  size  of  the  meat ,   p o u l t r y ,   or  pro te in   pieces  is 

cri t ical   to  p r o d u c t   qual i ty   and  a c c e p t a n c e .   A  p roces s   f o r  

ac id i f ica t ion   of  food  p r o d u c t s   con t a in ing   s ign i f i can t   amounts   o f  

t e x t u r e d   v e g e t a b l e   pro te in   which  r i g o r o u s l y   p ro t ec t s   p r o d u c t  

sa fe ty ,   while  having  a  minimal  impact  on  p r o d u c t   t e x t u r e   is 

n e e d e d .  

U.S.  Pa tent   3 ,736,148  of  Katz,  issued  May  29,  1973,  

d isc loses   meat  analogs  r e s i s t a n t   to  microbiological   spoi lage  h a v i n g  

a  pH  be tween   3.0  and  5.4  and  a  water   ac t iv i ty   of  below  0 . 9 5 .  

Katz  r e s t r i c t s   the  water   level  of  the  analogs   as  a n   aid  in 

p r e v e n t i n g   the  g rowth   of  m i c r o o r g a n i s m s .   Res t r ic t ion   of  w a t e r  

ac t iv i ty   limits  the  optimum  t e x t u r e   and  flavor  which  can  b e  

ach ieved .   The  Katz  analogs   conta in   p r e s e r v a t i v e s   and  t e x t u r e  

modifiers   such  as  s t a r c h e s ,   gums ,   and  the  like.  Natural   p r o d u c t s  

wi thout   food  add i t i ves   such  as  p r e s e r v a t i v e s   and  t e x t u r e   m o d i f i e r s  

are  p r e f e r r e d   by  c o n s u m e r s .   It  is  d e s i r a b l e   to  have  t e x t u r e d  

prote in   p r o d u c t s   which  do  not  conta in   p r e s e r v a t i v e s   and  t e x t u r e  

modif iers   tha t   are  microbio logica l ly   safe  wi thout   r e s t r i c t i o n   of  t h e  

water   ac t iv i ty   in  o rde r   to  optimize  t e x t u r e   and  f l a v o r .  

Bri t ish   Patent   1 ,503,420  d i sc loses   a  l o w - t e m p e r a t u r e   p r o t e i n  

e x t r u s i o n   p roce s s   followed  by  wash ing   with  an  aqueous   s o l v e n t .  

The  p roce s s   yields  a  t e x t u r e d   p ro te in   c o n c e n t r a t e   of  m e a t - l i k e  

t e x t u r e   by  e x t r a c t i n g   w a t e r - s o l u b l e   c o n s t i t u e n t s   from  a  p r o t e i n  

e x t r u d a t e   having   a  dens i t y   of  85  to  150  g . / l .   af ter   d ry ing   to  l e s s  

than  8%  m o i s t u r e ,   using  an  a q u e o u s   so lven t   at  a  pH  of  5.5  to  6 . 0  

and  a  t e m p e r a t u r e   above  65°C.  Howeve r ,   if  the  aqueous   s o l v e n t  

has  a  pH  of  less  than  5.5  the  p r o d u c t   g e n e r a t e d   is  t o u g h ,   c h e w y ,  

and  too  d r y ,   a cco rd ing   to  Table  11  on  page  6  of  the  p a t e n t .  

As  the  pH  is  d e c r e a s e d ,   t e x t u r e d   prote in   p r e s e n t   in  food 

p r o d u c t s   beg ins   to  acqu i r e   a  s h a r p ,   sour ,   a s t r i n g e n t   f l a v o r ,  

p r e s u m a b l y   due  to  some  chemical  change   in  the  material   at  t h i s  

pH.  T h u s ,   ac id i f ica t ion   can  have  a  de t r imen ta l   effect   on  f l a v o r  

just   as  pu re ly   thermal   p r o c e s s i n g .   A  p roces s   for  s t e r i l i za t ion   o f  

acidif ied  food  p r o d u c t s   con t a in ing   s i g n i f i c a n t   amounts   of  t e x t u r e d  

vege tab le   p ro te in   which  r i g o r o u s l y   p r o t e c t s   p roduc t   sa fe ty ,   whi le  

having  a  minimal  impact  on  p r o d u c t   f lavor  is  n e e d e d .  



A  p roce s s   has  now  been  found  for  d i rec t   ac id i f ica t ion   of  a 

p roduc t   con ta in ing   t e x t u r e d   p ro te in .   D i s i n t e g r a t i o n   of  t h e  

prote in   pa r t i c l e s   is  avoided  and  an  optimum  t e x t u r e   is  p r o v i d e d .  

No  increase   in  sour  flavor  occurs   desp i te   the  d e c r e a s e   in  pH.  In 

addi t ion ,   o the r   beneficial   e f fec ts   of  this  ac id i f ica t ion   p roces s   a r e  

to  reduce   pH  equ i l i b r a t i on   time  for  large  t e x t u r e d   prote in   o r  

analog  p ieces ,   and  to  reduce   fat  a b s o r p t i o n   by  the  p ro te in   d u r i n g  

h e a t s e t t i n g .   T h u s ,   a  microbiological ly   safe  p r o d u c t   c o n t a i n i n g  

t e x t u r e d   p ro te in   or  analog  having  a  des i r ab le   firm  t e x t u r e   a n d  

accep tab le   f lavor  with  r educed   fat  levels  can  be  g e n e r a t e d   by  t h i s  

ac id i f ica t ion   p r o c e s s .  
It  is  t h e r e f o r e   an  object   of  this  inven t ion   to  p rov ide   a 

s h e l f - s t a b l e   acidif ied  t e x t u r e d   protein   sauce  p r o d u c t   c o n t a i n i n g  

d i s c r e t e   pieces  of  p ro te in   or  analog  of  optimal  t e x t u r e   which  has  a 

pH  of  less  than  4.6,   a ccep tab l e   f lavor ,   and  r e d u c e d   fat  c o n t e n t .  

It  is  a  f u r t h e r   object  of  this  invent ion  to  p rov ide   a  p r o c e s s  
which  r e n d e r s   a  food  p r o d u c t   having  a  pH  less  than  4.6  a n d  

conta in ing   high  levels  of  t e x t u r e d   prote in   bac t e r io log ica l ly   s a f e  

and  s h e l f - s t a b l e .  

It  is  a  f u r t h e r   object  of  this  invent ion  to  p rov ide   a  p r o c e s s  
for  minimizing  the  pH  equ i l i b ra t ion   time  r e q u i r e d   for  a  t e x t u r e d  

prote in   p r o d u c t   con ta in ing   large  d i s c r e t e   pieces  of  p ro te in   o r  

a n a l o g .  

It  is  a  f u r t h e r   object  of  this  invent ion  to  p rov ide   a  p r o c e s s  
for  the  p r e p a r a t i o n   of  an  acidif ied  t e x t u r e d   pro te in   p r o d u c t   w i t h  

less  f a t .  

It  is  a  f u r t h e r   object  of  this  invent ion  to  p rov ide   a  p r o c e s s  
for  the  p r e p a r a t i o n   of  an  acidif ied  t e x t u r e d   p ro te in   p r o d u c t   o f  

optimal  t e x t u r e   wi thout   d i s i n t e g r a t i o n   of  the  p r o t e i n .  

It  is  a  f u r t h e r   object  of  this  invent ion  to  p rov ide   a  p r o c e s s  
for  the  p r e p a r a t i o n   of  an  acidif ied  t e x t u r e d   p ro te in   p r o d u c t   of  low 

pH  with  an  a c c e p t a b l e   f l a v o r .  

These   and  o ther   objects   of  the  invent ion   will  become  o b v i o u s  

from  the  following  d e s c r i p t i o n s   and  e x a m p l e s .  



Brief  Desc r ip t i on   of  the  d r a w i n g s  

Figure   1  dep ic t s   a  g r a p h   of  the  in ternal   pH  of  g r o u n d   b e e f  

pa r t i c l e s   v e r s u s   time  for  1)  g r o u n d   beef  pa r t i c l e s   added   to  

commercia l ly   avai lable  s p a g h e t t i   s auces   which  were  then  a c i d i f i e d ,  

deno ted   as  lines  A  and  B,  and  2)  acidif ied  g r o u n d   beef   p a r t i c l e s  

added   to  the  same  s auces ,   d e n o t e d   as  lines  C  and  D. 

F igure   2  dep ic t s   a  g r a p h   of  the  in ternal   pH  of  a n a l o g  

pa r t i c l e s   of  va r ious   d i a m e t e r s   v e r s u s   time  for  the  p r o d u c t   of  t h e  

p r e s e n t   i n v e n t i o n .  

F igures   3  and  5  each  depic t   a  p h o t o m i c r o g r a p h   o f  u n a c i d i f i e d  

analog  magnif ied  s ix teen   times  and  s ta ined  with  pe r iod ic   a c i d -  

leucobas ic   fuchin  ( S c h i f f ' s )  -   anil ine  blue  b l a c k .  

F igures   4  and  6  each  depic t   a  p h o t o m i c r o g r a p h   of  a c i d i f i e d  

analog  as  used  in  the  p r o d u c t   of  the  p r e s e n t   inven t ion   m a g n i f i e d  

s ix teen   times  and  s t a ined   with  per iodic   a c i d - l e u c o b a s i c   f u c h i n  

( S c h i f f ' s )  -   aniline  blue  b l a c k .  

F igu re s   7  and  9  each  dep ic t   a  p h o t o m i c r o g r a p h   of  u n a c i d i f i e d  

analog  magnif ied  s ix teen   times  and  s ta ined  with  osmium  t e t r a o x i d e  

v a p o r s .  

F igu re s   8  and  10  each  dep ic t   a  p h o t o m i c r o g r a p h   of  a c i d i f i e d  

analog  magnif ied   s ix teen   times  and  s ta ined   wi th   osmium  t e t r a o x i d e  

v a p o r s .  
D i sc losu re   of  the  I n v e n t i o n  

This  invent ion   r e l a t es   to  a  s h e l f - s t a b l e   ac id i f ied   s a u c e  

p r o d u c t   con ta in ing   t e x t u r e d   p ro te in   or  analog  of  opt imum  t e x t u r e  

s imula t ing   loose,  cooked  g r o u n d   meat.  The  p r o d u c t   has  a n  

equ i l ib r ium  pH  of  less  than  4.6,   a  water   act ivi ty   of  abou t   0.96  o r  

g r e a t e r ,   and  a  minimum  analog  t e x t u r e   of  75  kg-cm.   This  i n v e n -  

tion  f u r t h e r   re la tes   to  a  p r o c e s s   for  the  p r e p a r a t i o n   of  s u c h  

p r o d u c t s   compr i s ing :   a)  add ing   an  edible  acid  to  t e x t u r e d  

pro te in   material   having  at  least  about   25%  prote in   to  lower  the  pH 

to  be tween   about   3.8  and  about   5.5;  b)  adding  a  p r o t e i n a c e o u s  
b inde r   to  the  acidif ied  t e x t u r e d   prote in   material  of  s tep  a)  to  

effect   a g g l o m e r a t i o n ;   c)  h e a t s e t t i n g   the  a g g l o m e r a t e d   a c i d i f i e d  

t e x t u r e d   prote in   of  step  b)  to  form  an  analog;  d)  combining   t h e  

analog  of  step  c)  with  a  sauce;   e)  heat ing  the  p r o d u c t   to  s t e r i l i z e  

it;  and  f)  e q u i l i b r a t i n g   the  sauce  p r o d u c t   until  the  pH  is  l e s s  



than  4.6.  This  ac id i f ica t ion   p rocess   minimizes  the  n e c e s s a r y   pH 

equ i l i b ra t ion   time,  and  r e su l t s   in  a  des i r ab le   firm  t e x t u r e   in  t h e  

analog  pieces .   It  also  r educes   the  fat  con ten t   and  does  n o t  

increase   the  sour  f lavor  of  the  p roduc t   when  compared   to  a 

similar  p r o d u c t   in  which  the  acidif icat ion  o c c u r s   af ter   t h e  

combinat ion  of  the  h e a t s e t   t e x t u r e d   prote in   and  sauce  c o m p o n e n t s  

of  the  p r o d u c t .  

The  material  p r o d u c e d   by  the  opera t ion   of  s tep  a)  can  b e  

dried  or  frozen  for  s u b s e q u e n t   u t i l iza t ion .   Add i t i ona l l y ,   the  e n d  

resu l t   of  o p e r a t i n g   s teps   a)  t h r o u g h   c)  can  also  be  frozen  if  

d e s i r e d .  

Desc r ip t ion   of  P r e f e r r e d   E m b o d i m e n t s  

This  invent ion   compr i ses   a  d i rec t   ac id i f ica t ion   p roces s   f o r  

the  p r e p a r a t i o n   of  an  improved  t e x t u r e d   p ro te in   or  a n a l o g  

p r o d u c t .   Add i t i ona l ly ,   this  invent ion   compr i ses   the  p r o d u c t  

p r e p a r e d   by  such  a  p r o c e s s .  
The  term  "sauce  p r o d u c t "   as  used  herein   inc ludes   t o m a t o -  

based  m e a t - t y p e   sauces   such  as  spaghe t t i   s a u c e s ,   taco  s a u c e s ,  

b a r b e c u e   s a u c e s ,   chili  s auces ,   and  the  like,  which  c o n t a i n  

t e x t u r e d   p ro t e in ,   ana log ,   a  mixture   of  meat  and  t e x t u r e d   p r o t e i n ,  

or  a  mix ture   of  meat  and  analog.   The  t e x t u r e d   pro te in   or  a n a l o g  

s imulates   loose  cooked  g r o u n d   m e a t .  

The  term  " t e x t u r e d   p ro te in"   includes  all  t e x t u r e d   p r o t e i n  

mater ia ls   well  known  in  the  a r t ,   as  well  as  t e x t u r e d   s i n g l e - c e l l  

p r o t e i n s .   Mixtures   of  t e x t u r e d   vege tab le   p ro te in   or  t e x t u r e d  

s ing le -ce l l   pro te in   with  up  to  about   90%,  but  p r e f e r a b l y   less  t h a n  

about   50%  of  mater ia ls   of  animal  or ig in ,   inc luding   egg  a l b u m e n ,  

meat,  meat  ju ices ,   c h i c k e n ,   fish,  serum  blood,  meat  b y - p r o d u c t s ,  

h y d r o l y z e d   animal  p r o t e i n ,   and  the  like,  are  also  i nc luded .   T h e  

t e x t u r e d   prote in   material   p r e f e r a b l y   conta ins   at  least  about   25%  b y  

weight  p ro t e in .   The  t e x t u r e d   protein   is  most  p r e f e r a b l y   a  

t e x t u r e d   vege t ab l e   p r o t e i n .   The  t e x t u r e d   p ro te in   is  p r e s e n t   i n  

the  sauce  p r o d u c t   at  levels  of  from  about   1%  to  about   25%  b y  

weight .   P r e f e r a b l y ,   the  t e x t u r e d   protein   is  p r e s e n t   at  a  level  o f  

from  about   2%  to  about   20%  by  weight   of  the  p r o d u c t .  



The  term  "analog"  or  "neat   analog"  as  used  herein   d e n o t e s  

p ro te in   which  has  been  t e x t u r i z e d ,   such  as  by  e x t r u s i o n   c o o k i n g ,  

comminu ted ,   mixed  with  some  or  all  of  the  following:  s e a s o n i n g s ,  

sp ices ,   -colorants ,   o ther   p r o t e i n s ,   b i n d e r ,   wa te r ,   and  fat,  a n d  

then  h e a t s e t ,   and  sized  to  a  su i t ab le   par t ic le   size.  The  analog  is 

p r e s e n t   in  the  sauce  p r o d u c t   at  levels  of  from  about   5%  to  a b o u t  

70%  by  weight .   P r e f e r a b l y ,   the  analog  is  p r e s e n t   at  a  level  o f  

from  about   10%  to  about   50%  by  weight   of  the  p r o d u c t .  

The  term  " s c r e e n e d   sauce"   deno te s   the  tomato  sauce  p r o d u c t  

of  the  p r e s e n t   inven t ion   with  the  t e x t u r e d   prote in   and  any  o t h e r  

large  pa r t i c l e s   removed  by  f i l t r a t ion   t h r o u g h   a  s c r e e n ,   i . e . ,   t h e  

f i l t r a t e .   The  sc reen   size  p r e f e r a b l y   employed  is  U.S.   Mesh  10.  

The  term  " s c r e e n e d   analog"   as  used  here in   deno te s   t h e  

t e x t u r e d   prote in   or  analog  and  any  o ther   large  pa r t i c l e s   r e m o v e d  

from  the  p r o d u c t   of  the  p r e s e n t   inven t ion   by  f i l t ra t ion   t h r o u g h   a 

s c r e e n .   The  sc reen   size  p r e f e r a b l y   employed  is  U.S.   Mesh  10.  

The  term  "mace ra t ed   analog"   is  used  here in   to  d e n o t e  

s c r e e n e d   analog  that   has  been  c o m m i n u t e d .  

The  term  " cen t e r   pH"  or  " in t e rna l   pH"  as  used  h e r e i n  

d e n o t e s   the  pH  of  the  c e n t e r   of  d i s c r e t e   pieces  of  food.  The  pH 

of  a  minimum  of  15  pieces  are  ana lyzed   a n d . a v e r a g e d .  

The  term  " e q u i l i b r a t i o n   pH"  as  used  herein  deno t e s   a  c e n t e r  

pa r t i c l e   pH  of  less  than  4 . 6 .  

The  term  " e q u i l i b r a t i o n   time"  as  used  herein  deno t e s   the  t ime 

r e q u i r e d   for  the  cen te r   pa r t i c le   pH  of  each  d i s c r e t e   food  piece  t o  

reach  4.6  or  l e s s .  

The  term  "water   ac t iv i ty"   or  "aw"  i s   used  here in   to  mean  t h e  

ratio  of  the  fugac i ty   of  water   in  the  system  being  s t ud i ed   to  t h e  

fugac i ty   of  pure   water   at  the  same  t e m p e r a t u r e .   The  w a t e r  

ac t iv i ty   of  the  composi t ions   here in   can  be  m e a s u r e d   using  w e l l -  

known  physical   chemical  t e c h n i q u e s   and  commercial ly   a v a i l a b l e  

i n s t r u m e n t s .  



It  has  been  found  that  acidif icat ion  at  d i f f e r e n t   points   in  t h e  

p r o c e s s i n g   of  the  p r o d u c t   yields  d i f f e r e n t   p r o d u c t   c h a r a c t e r i s t i c s .  

If  the  p ro te in   and  sauce  components   are  combined  pr ior   to  a c i d i f i -  

ca t ion,   the  p r o d u c t   has  a  softer   t e x t u r e ,   a  h i g h e r   fat  c o n t e n t ,  

and  pH  e q u i l i b r a t i o n   of  the  p roduc t   can  r e q u i r e   two  weeks  o r  

more.  A l t e r n a t i v e l y ,   if  the  protein  component   is  d i r ec t ly   a c i d i f i e d  

pr ior   to  combina t ion   with  the  sauce  c o m p o n e n t ,   the  p r o d u c t   has  a 

d e s i r a b l e   t e x t u r e ,   r educed   fat  c o n t e n t ,   no  i nc rease   in  s o u r  

f lavor ,   and  pH  equ i l i b r a t i on   can  .be  ach ieved   in  about   48  h o u r s .  

PROCESS  : 

The  p r o c e s s   of  the  p r e sen t   invent ion   for  p r e p a r i n g   a  s h e l f -  

s table  ac id i f ied   sauce  p roduc t   con ta in ing   t e x t u r e d   pro te in   o r  

analog  c o m p r i s e s :   a)  i)  adding  an  edible  acid  to  t e x t u r e d   p r o t e i n  

material   hav ing   at  least  about  25%  pro te in   to  lower  the  pH  t o  

be tween  about   3.8  and  about  5.5;  a)  ii)  op t iona l ly ,   acid  may  

s u b s e q u e n t l y   be  s e p a r a t e d   from  the  acidif ied  p r o t e i n ,   the  p r o t e i n  

then  be ing ,   p r e f e r a b l y ,   washed  with  water ;   b)  add ing   a  p r o t e i n -  

aceous  b inde r   to  the  acidified  t e x t u r e d   p ro te in   material   of  step  a )  

to  effect   a g g l o m e r a t i o n ,   c)  hea t se t t i ng   the  a g g l o m e r a t e d   a c i d i f i e d  

t e x t u r e d   p ro te in   of  step  b)  to  form  an  analog;   d)  combining  t h e  

analog  of  s tep  c)  with  a  sauce;  e)  hea t ing   the  combinat ion  t o  

s te r i l ize ;   and  f)  e q u i l i b r a t i n g   the  sauce  mix tu re   until  the  pH  is 

less  than  abou t   4 . 6 .  

A  p r o c e s s   for  the  p r e p a r a t i o n   of  ac id i f ied   e x t r u d a t e  

compr i ses   s t e p s   a)  i)  and  a)  ii)  above  followed  by  d r y i n g   o r  

f r e e z i n g .   A  p roces s   for  the  p r e p a r a t i o n   of  ac id i fed   a n a l o g  

compr i ses   s tep  a)  t h r o u g h   d)  above  followed  by  f r e e z i n g .  

In  the  p r o c e s s   of  the  p r e s e n t   i nven t ion   the  p ro te in   is  

p r e f e r a b l y   e x t r u s i o n   cooked  pr ior   to  a c id i f i ca t i on .   S e v e r a l  

t e c h n i q u e s   for  e x t r u s i o n   cooking  are  known  in  the  a r t .   F a t ,  

f l avor s ,   s e a s o n i n g s ,   sp ices ,   a c i d u l a n t s ,   and  color ,   can  be  a d d e d  

d u r i n g   e x t r u s i o n   cooking ,   or  mixed  with  the  p ro te in   a f t e r   c o o k i n g  

in  combinat ion   with  wa te r ,   acid,  and  b inde r   p r o t e i n s .   The  b i n d e r  

is  most  p r e f e r a b l y   added  a f te r ,   and  not  pr ior   to,  the  e x t r u s i o n  

cooking  step  to  p r e s e r v e   its  f unc t iona l i t y   n e c e s s a r y   for  c r o s s -  

linking  with  the  e x t r u d a t e   mixture  d u r i n g   h e a t s e t t i n g .   A f t e r  

e x t r u s i o n   the  t e x t u r e d   protein  component   can  then  opt ional ly   b e  



mixed  with  meat,   p r e f e r a b l y   in  g r o u n d   or  chunk   form.  P r e f e r -  

ably,   the  e x t r u s i o n   is  at  a  t e m p e r a t u r e   and  p r e s s u r e   u n d e r   w h i c h  

water   v a p o r i z e s .   This  r e su l t s   in  an  e x p a n d e d   porous   s t r u c t u r e  

n e c e s s a r y   for  optimum  t e x t u r e .   If  e x t r u d e d   u n d e r   d i f f e r e n t  

c o n d i t i o n s ,   the  e x t r u d a t e   will  have  a  dense   s t r u c t u r e   that   is  l e s s  

p o r o u s .  
The  f i rs t   step  of  the  p roce s s   of  the  p r e s e n t   i n v e n t i o n  

compr ises   d i rec t   ac id i f ica t ion   of  the  prote in   componen t   by  a d d i n g  

an  edible  acid  to  the  p ro te in   to  lower  the  pH  to  be tween   a b o u t  

3.8  and  about   5.5,   p r e f e r a b l y   about   3.8  to  about   ' 4 . 8 ,   mos t  

p r e f e r a b l y   about   3.9  to  about   4.3.  Any  edible  o rgan i c   o r  

inorgan ic   acid  is  su i t ab l e ,   but   inorganic   acids  are  p r e f e r r e d .  

These  include  p h o s p h o r i c ,   h y d r o c h l o r i c ,   c a r b o n i c ,   s o d i u m  

h y d r o g e n   p h o s p h a t e ,   a n h y d r i c   chloric  acid,   and  the  like.  T h e  

acid  can  be  d i lu ted   with  wa te r ,   p r e f e r a b l y   dis t i l led  or  d e i o n i z e d ,  

and  used  to  h y d r a t e   the  p r o t e i n ,   or  the  acid  can  be  mixed  w i t h  

the  p ro te in   a f te r   h y d r a t i o n .   P r e f e r a b l y ,   the  acid  is  added   at  a 

level  of  about   0.8  to  about   1.2%  by  weight  of  the  p r o t e i n .  

The  ac id i f i ca t ion   can  also  be  accompl i shed   by  any  s u i t a b l e  

t e c h n i q u e   such  that   the  acid  is  in  con tac t   with  the  p r o t e i n  

e x t r u d a t e .   These   t e c h n i q u e s   include  immersion  of  the  e x t r u d a t e  

in  an  acidic  so lu t ion ,   pour ing   acid  onto  the  e x t r u d a t e   and  o t h e r  

su i table   t e c h n i q u e s .   When  water   washing  of  the  e x t r u d a t e   is 

c o n t e m p l a t e d ,   the  e x t r u d a t e   is  acidif ied  by  means  of  b l a n c h i n g  

with  an  a q u e o u s   acid  so lu t ion .   The  e x t r u d a t e   and  acid  a r e  

p r e f e r a b l y   ag i t a t ed   d u r i n g   con tac t   using  a  Hamilton  ke t t l e ,   r i b b o n  

b l e n d e r ,   or  o the r   su i t ab le   mixer  which  avoids  e x c e s s i v e   s h r e d d i n g  

of  the  e x t r u d a t e .   The  ratio  of  acid  solution  to  p ro te in   can  v a r y  
from  about   1:3  to  about   1:40,  a l t hough   any  su i tab le   ratio  can  b e  

employed  as  long  as  the  d e s i r e d   pH  is  a ch i eved .   The  c o n c e n -  

t ra t ion   of  the  acid  solut ion  employed  can  v a r y ,   but  p r e f e r a b l y   is 

less  than  abou t   0.5%  by  we igh t .   The  acid  c o n c e n t r a t i o n   is 

a d j u s t e d   d e p e n d i n g   upon  the  ratio  of  water   to  p r o t e i n .   T h e  

t e m p e r a t u r e   of  the  acid  solution  should  be  from  about   65°C  to  

about  98°C  for  this  p r o c e s s ,   p r e f e r a b l y   from  about   80°C  to  a b o u t  



95°C.  It  is  impor tan t   that   the  e x t r u d a t e   not  be  heated  a b o v e  

99°C  since  this  causes   the  e x t r u d a t e   to  assume  a  soft ,   m u s h y  

t e x t u r e .   In  s tep  a)  ii)  the  acidif ied  e x t r u d a t e   is  s e p a r a t e d   f rom 

any  exces s   acid.  The  acid  and  e x t r u d a t e   are  s e p a r a t e d   by  a n y  
su i tab le   means ,   such  as  by  d r a i n i n g ,   s c r e e n i n g ,   c e n t r i f u g i n g ,  

p r e s s i n g ,   and  the  like.  The  pH  of  the  p ro te in   a f te r   removal  o f  

the  acid  solut ion  is  from  about   3.8  to  about   5.5,  p r e f e r a b l y   from 

about   3.8  to  about   4.8,  most  p r e f e r a b l y   from  about   3.9  to  a b o u t  

4.3.  Removal  of  the  acid  aids  in  r e d u c i n g   sour  f lavor  in  t h e  

e x t r u d a t e .   The  added  anion  level  in  the  p ro te in   is  min imized  

wi thout   mater ia l ly   a f fec t ing   its  lowered  pH.  Removal  of  the  a c id  

from  the  su r f ace   of  the  e x t r u d a t e   also  p r o v i d e s   a  t e x t u r e  

a d v a n t a g e   because   it  minimizes  the  a d v e r s e   effect   acid  has  on  

b inder   f u n c t i o n a l i t y .   The  prote in   can  be  t e x t u r i z e d   or  t h e r m a l l y  

set  before   the  b inder   and  acid  react .   T h u s ,   improved  b i n d i n g  

r e su l t s   in  p ro te in   of  b e t t e r   t e x t u r e .  

P r e f e r a b l y ,   the  acidified  e x t r u d a t e   is  then  s u b j e c t e d   to  w a t e r  

washing   to  remove  any  acid  remaining  on  the  e x t r u d a t e   s u r f a c e .  

The  mechanica l   action  of  the  w a t e r - w a s h i n g   p roces s   i nc r ea se s   t h e  

pro te in   c o n c e n t r a t i o n   by  removal  of  the  w a t e r - s o l u b l e   m a t e r i a l s  

such  as  soy  o f f - f l a v o r s ,   s u g a r s ,   and  acid;  The  p ro te in   c o n c e n -  

t ra t ion   of  the  e x t r u d a t e   af ter   w a t e r - w a s h i n g   is  at  least  70%  on  a 

dry  bas i s ,   gene ra l ly   is  about   80%.  The  water   can  be  d i s t i l l e d ,  

de ionized   or  tap  water ;   dis t i l led  or  de ionized   water   is  p r e f e r r e d .  

Edible  i no rgan i c   sa l ts ,   p r e f e r a b l y   calcium  sa l t s ,   such  as  c a l c ium 

ch lo r ide ,   can  also  be  added  to  the  wa te r .   Calcium  and  m a g n e s i u m  

salts  c h a n g e   the  hyd ra t i on   p r o p e r t i e s   of  the  p ro t e in .   A  ratio  o f  

from  about   1:3  to  about  1:40  pa r t s   of  e x t r u d a t e   solids  to  pa r t s   o f  

water   is  u sed ,   p r e f e r a b l y   from  about   1:10  to  about   1:20,  m o r e  

p r e f e r a b l y   from  about   1:10  to  about   1 : 1 5 .  

The  w a t e r - w a s h i n g   is  p r e f e r a b l y   accompl i shed   in  a 

c o n t i n u o u s   c o u n t e r c u r r e n t   e x t r a c t i o n   or  in  a  m u l t i - s t a g e   p r o c e s s ,  
e i ther   us ing  c o u n t e r c u r r e n t   e x t r a c t i o n   or  by  adding   w a t e r , .  

d r a i n i n g ,   and  adding  f resh   water   for  a  number   of  t imes.  D u r i n g  

the  w a t e r - w a s h i n g   the  e x t r u d a t e   and  the  water   are  mixed  using  a 

Hamilton  Ket t le ,   r ibbon  b l e n d e r ,   or  o ther   conven t iona l   m i x e r  



which  avoids  exces s ive   s h r e d d i n g   of  the  e x t r u d a t e .   As  in  t h e  

ac id i f ica t ion   s tep ,   the  t e m p e r a t u r e   of  the  e x t r u d a t e   cannot   e x c e e d  

99°C.  The  water  t e m p e r a t u r e   should   be  from  about   65°C  to  a b o u t  

98°C,  p r e f e r a b l y   from  about   80°C  to  about   9 5 ° C .  

To  show  the  c r i t i ca l i t y   of  the  t e m p e r a t u r e   of  the  a c id  

solution  or  water ,   one  sample  of  e x t r u d a t e   was  soaked   in  water  a t  

about   90°C  for  4  hours   and  a  second  sample  was  boiled  at  100°C 

for  about   1  minute.   The  phys ica l   a p p e a r a n c e   of  the  two  p r o d u c t s  

was  ident ica l .   However ,   the  e x t r u d a t e   held  at  100°C  was  

c o n s i d e r a b l y   sof ter   and  mushy  in  eat ing  qua l i ty .   This   change   is 

e v i d e n c e d   by  the  shear   p r e s s   value  as  measured   us ing  a  K r a m e r  

cell  in  a  T e x t u r e   Tes t ing   System  from  Food  T e c h n o l o g y  

C o r p o r a t i o n .   The  90°C  e x t r u d a t e   had  a  shear   p r e s s   value  of  230 

un i t s ,   while  at  100°C  e x t r u d a t e   had  a  shear   p r e s s   value  of  170 

un i t s .   The  h igher   the  shea r   p r e s s   value  the  t o u g h e r   t h e  

p r o d u c t .  
After   the  w a t e r - w a s h i n g   s t ep ,   the  e x t r u d a t e   is  c e n t r i f u g e d  

or  p r e s s e d   to  remove  the  exces s   water .   The  w a t e r - w a s h e d  

e x t r u d a t e   ach ieves   a  c o n s t a n t   water   weight  of  abou t   70%  to  88%. 

This  r e p r e s e n t s   the  p e r c e n t a g e   of  water   needed  to  fully  h y d r a t e  

the  p ro te in   e x t r u d a t e .  

If  d e s i r e d ,   the  ac idi f ied  e x t r u d a t e   of  s tep  a)  ii)  can  b e  

p r e s e r v e d   and  used  as  an  i n g r e d i e n t   in  o ther   p r o d u c t s .   P r e s e r -  

vat ion  can  be  by  any  su i t ab le   means ,   such  as  by  f r e e z i n g ,   d r y i n g  

or  c a n n i n g .  

In  step  b)  of  the  p roce s s   of  the  p r e s e n t   invent ion   t h e  

acidif ied  pro te in   is  combined  with  a  p r o t e i n a c e o u s   b i n d e r   to  e f f e c t  

a g g l o m e r a t i o n .   The  acidi f ied  pro te in   is  p r e f e r a b l y   s u b j e c t e d   to  a n  

agg lomera t ion   p r o c e s s ,   in  which  large  pa r t i c l e s   are  made  f rom 

smaller  ones  by  mixing  or  coat ing  the  smaller  p a r t i c l e s   with  a n y  
of  a  va r i e ty   of  p r o t e i n a c e o u s   b i n d e r s   known  in  the  a r t ,   a l o n g  

with  colors  and  f l avors ,   if  d e s i r e d ,   and  h e a t s e t t i n g   the  b i n d e r .  

Sui table   b i n d e r s   include  egg  whi te ,   soy  p ro te in   f r a c t i o n s ,  

c o t t o n s e e d   p r o t e i n s ,   and  the  l i k e .  

The  p r e f e r r e d   b inde r   is  egg  white.   In  the  sauce   p r o d u c t   o f  

the  p r e s e n t   i nven t ion ,   the  b ind ing   func t iona l i t y   is  a f fec ted   b y  

pH.  As  pH  is  d e c r e a s e d   by  ac id i f i ca t ion ,   b inding   also  d e c r e a s e s  



and  h ighe r   levels  of  egg  white  are  r e q u i r e d .   For  example,   if  t h e  

t e x t u r e d   protein   is  acidif ied  to  a  pH  of  from  about   3.8  to  a b o u t  

4.6,   the  amount  of  egg  white  needed   for  e f fec t ive   b inding  is  f rom 

about   6%  to  about  12%  by  weight   of  the  agg lomera t ed   t e x t u r e d  

p r o t e i n .   If  the  t e x t u r e d   p ro te in   is  acidif ied  to  a  pH  of  f rom 

about   4.6  to  about  5.5,  the  amount   of  egg  white  needed  f o r  

e f fec t ive   binding  is  from  about   2%  to  about   6%  by  weight  of  t h e  

a g g l o m e r a t e d   t e x t u r e d   p ro te in .   Removal  of  the  acid  by  w a s h i n g  

minimizes  the  level  of  egg  white  needed  to  achieve  e f f e c t i v e  

b i n d i n g .  

Any  method  of  h e a t s e t t i n g   t e x t u r e d   prote in   known  in  the  a r t  

can  be  employed  in  the  next  s tep  of  the  p rocess   of  the  p r e s e n t  

i n v e n t i o n ,   such  as  f r y i n g ,   b a k i n g ,   heat ing  with  microwave  o r  

r ad i an t   heat ,   and  the  like.  P r e f e r r e d   is  h e a t s e t t i n g   in  t h e  

p r e s e n c e   of  oil.  The  h e a t s e t t i n g   can  be  e i the r   a  batch  o r  

c o n t i n u o u s   p rocess .   Typical   ba tch   methods   include  skillet  or  g r i l l  

f ry ing   in  the  p r e s e n c e   of  oil.  C o n t i n u o u s   f ry ing  methods  c a n  

include  t e c h n i q u e s   whe reby   the  a g g l o m e r a t e d   t e x t u r i z e d   protein  is  

d i s t r i b u t e d   along  an  end less   belt  which  is  immersed  in  h e a t e d  

f ry ing   oil  for  at  least  a  port ion  of  its  t r ave l ,   pr ior   to  removal  o f  

the  fried  analog  pa r t i c l e s .   Batch  f ry ing   t e m p e r a t u r e s   s ta r t   a t  

about   127°C  and  drop  t h e r e a f t e r ,   due  to  e v a p o r a t i v e   cooling,  t o  

as  low  as  104°C.  In  a  c o n t i n u o u s   immersion  f ry ing   t e c h n i q u e ,  

t e m p e r a t u r e s   of  from  about   104°C  to  about   177°C  can  b e  

employed .   The  fried  or  neat  analog  con ta ins   pieces  of  v a r i o u s  

d i a m e t e r s .   The  size  of  the  pieces  is  not  limited.  For  e x a m p l e ,  

pieces   having  d iamete r s   of  about   0.75  inch  (1.91  cm),  about   1 

inch  (2.54  cm),  or  about   1.5  inches   (3.81  cm),  are  sui table   f o r  

use  in  the  p r e s e n t   i n v e n t i o n .  

The  acidified  analog  of  s tep  c)  can  be  p r e s e r v e d   and  u s e d  

as  an  i n g r e d i e n t   in  o ther   p r o d u c t s .   P r e s e r v a t i o n   can  be  by  a n y  
su i t ab le   means,   p r e f e r a b l y   by  f r eez ing   or  d r y i n g .  

A l t e r n a t i v e l y ,   the  t e x t u r e d   p ro te in   can  be  con tac ted   w i t h  

acid  a f te r   h e a t s e t t i n g .   The  h e a t s e t   analog  can  be  soaked  in  a n  

acidic  solution  until  the  des i r ed   pH  is  ob t a ined .   The  c o n d i t i o n s  

of  the  acid  soak,  such  as  acid  t y p e ,   a n a l o g - t o - a c i d   solution  r a t i o ,  

pH  of  the  acid  so lut ion,   t e m p e r a t u r e ,   and  the  like,  can  be  r e a d i l y  



d e t e r m i n e d   by  e x p e r i m e n t a t i o n   by  one  skilled  in  the  ar t .   A f t e r  

such  an  acid  soak,   the  analog  can  opt ional ly   be  hea t s e t   a  s e c o n d  

t i m e .  

Step  d)  of  the  p roces s   of  the  p r e s e n t   inven t ion   c o m p r i s e s  

combining  the  h e a t s e t   acidif ied  t e x t u r e d   p ro te in   or  analog  with  a 

sauce  having  a  maximum  pH  of  about   4.5.  The  sauce  c o m p o n e n t  
of  the  p r o d u c t   can  be  s t e r i l i zed   prior   to  its  combina t ion   with  t h e  

acidif ied  analog  componen t   if  n e c e s s a r y .   If  the  equ i l ib r ium  pH  o f  

the  sauce  and  ac id i f ied   analog  is  less  than  4.2,   p r ior   s t e r i l i z a t i o n  

is  not  r e q u i r e d .   If  the  pH  of  the  sauce  is  4.2  or  g r e a t e r ,   t h e  

sauce  can  be  s t e r i l i zed   by  any  of  the  t e c h n i q u e s   known  in  the  a r t  

such  as  h i g h - t e m p e r a t u r e   s h o r t - t i m e   s t e r i l i z a t i o n .  

In  step  e)  of  the  p roces s   of  the  p r e s e n t   invent ion  t h e  

combined  analog  and  sauce  componen t s   are  hea ted   to  d e s t r o y   t h e  

v e g e t a t i v e   cells  of  m ic roo rgan i sms   of  public   heal th   s i g n i f i c a n c e  

and  those  of  n o n h e a l t h   s ign i f i cance   capable   of  r e p r o d u c i n g   in  t h e  

p r o d u c t .   For  example ,   the  p r o d u c t   can  be  held  at  a  t e m p e r a t u r e  

of  from  about   180°F  (82°C)  to  about   220°F  (104°C)  for  about   20 

minutes .   This  d e s t r o y s   any  a c i d - t o l e r a n t   m i c r o o r g a n i s m s   a n d  

r e n d e r s   the  p r o d u c t   s te r i le .   The  food  p r o d u c t   is  then  packed  in 

he rmet ica l ly   sealed  c o n t a i n e r s ,   p r e f e r a b l y   by  a  h o t - f i l l - h o l d  

t e c h n i q u e .   While  "he rme t i ca l ly   sealed  c o n t a i n e r s "   is  usual ly  u s e d  

to  re fer   to  jars  and  cans ,   it  can  be  a p p r e c i a t e d   that   n e w e r  

asep t i c   p a c k a g e s ,   such  as  plast ic   and  foil  p las t ic   l amina te  

p o u c h e s ,   can  also  be  adap t ed   to  this  p r o c e s s .   In  h o t - f i l l - h o l d  

p r o c e s s i n g   the  c o n t a i n e r   is  filled  with  p r o d u c t   at  a  t e m p e r a t u r e   o f  

at  least  about   180°F  (82°C)  and  held  for  about   2  to  5  m i n u t e s ,  

p r e f e r a b l y   about   3  minu te s ,   before   c o o l i n g .  

After   the  c o n t a i n e r   is  sealed  it  is  i m p o r t a n t   that   por t ions   o f  

the  c o n t a i n e r   not  con tac t ed   by  p r o d u c t   be  hea ted   to  the  s ame  

t e m p e r a t u r e   as  the  p r o d u c t .   For  example ,   if  j a rs   are  filled  w i th  

p r o d u c t ,   a  p o s t - c a p p i n g   hot  water   sp ray   d i r e c t e d   at  the  lid  a n d  

h e a d s p a c e   of  the  jar  can  be  used  to  p rov ide   for  lid  and  h e a d s p a c e  

hea t ing .   The  p r o d u c t   is  then  cooled  to  s t o r a g e   t e m p e r a t u r e s   f o r  

pH  e q u i l i b r a t i o n .  



The  final  step  of  the  p roces s   of  the  p r e s e n t   inven t ion   is 

e q u i l i b r a t i n g   the  p r o d u c t   until  the  pH  is  less  than  4.6  in  all  p a r t s  
of  the  p r o d u c t .   Equ i l ib ra t ion   is  con t inued   until  the  total  p r o d u c t  

pH  and  the  cen te r   pH  of  each  analog  piece  are  less  than  4.6.  In 

the  p r e s e n t   invent ion   the  p r e f e r r e d   equ i l ib r ium  pH  for  the  s a u c e  

p r o d u c t   is  from  about   4.0  to  about   4.5,  most  p r e f e r a b l y   f rom 

about   4.20  to  about   4.4.  It  has  been  found  that   ac id i f ica t ion   o f  

the  analog  pr ior   to  its  combinat ion  with  the  sauce  componen t s   o f  

the  p r o d u c t   minimizes  the  r e q u i r e d   pH  e q u i l i b r a t i o n   t i m e .  

Immediately  af ter   p r o c e s s i n g ,   pieces  of  analog  can  have  a  c e n t e r  

pH  g r e a t e r   than  that   of  the  food  p r o d u c t   as  a  whole.  When  t h e  

total  p r o d u c t   is  ac id i f ied ,   ins tead   of  the  analog  s e p a r a t e l y ,   t h e  

p r o d u c t   must  be  r e f r i g e r a t e d   du r ing   equ i l i b ra t ion   because   l a r g e  

pieces  do  not  achieve  a  low  enough   pH  quickly  enough   to  p r e v e n t  
the  g rowth   of  Clos t r id ium  b o t u l i n u m .  

pH  equ i l i b ra t ion   time  is  minimized  by  the  p r o p e r   po ros i t y   a n d  

par t ic le   size  of  the  analog.   Protein  e x t r u d e d   at  a  combinat ion   o f  

t e m p e r a t u r e   and  p r e s s u r e   unde r   which  water   vapo r i ze s   has  a n  

e x p a n d e d   porous   s t r u c t u r e .   The  d i f fus ion  mobility  of  t h e  

h y d r o g e n   ion  is  g r e a t e r   in  a  porous   than  in  a  dense   s t r u c t u r e .  

The  par t ic le   size  d e t e r m i n e s   the  d i f fus ion  path  length   of  t h e  

h y d r o g e n   ion.  Thus  the  par t ic le   size  and  poros i ty   can  b e  

optimized  to  d e c r e a s e   pH  e q u i l i b r a t i o n   time.  In  the  p r o c e s s   o f  

the  p r e s e n t   i nven t ion ,   pieces  having  a  d iameter   of  about   3/4  i n c h  

(1.91  cm.)  will  e q u i l i b r a t e   to  a  cen te r   pH  of  4.6  or  less  in  a b o u t  

24  to  48  hours   when  s to red   at  ambient   cond i t i ons .   This  is  

d e m o n s t r a t e d   by  Figure   2.  No  r e f r i g e r a t i o n   is  r e q u i r e d   d u r i n g  
the  equ i l i b ra t ion   p e r i o d .  

P R O D U C T  

The  p r o d u c t   of  the  p r e s e n t   invent ion   compr i ses   a  s h e l f -  

s table  sauce  p r o d u c t   having  an  equ i l ib r ium  pH  of  less  than  a b o u t  

4.6  and  conta in ing   t e x t u r e d   prote in   or  analog  at  a  level  g r e a t e r  
than  5%  by  weight .   The  analog  is  p r e s e n t   at  a  level  of  f r o m  .  

about   5%  to  about   70%  by  weigh t ,   p r e f e r a b l y   from  about   10%  t o  

about   50%  by  weight   of  the  total  p r o d u c t .   P r e f e r a b l y ,   t h e  

equ i l ib r ium  pH  is  from  about   4.0  to  about   4.5.  The  analog  has  a 
minimum  specific  f i rmness   of  t e x t u r e   of  75  kg-cm  as  m e a s u r e d   b y  



the  meat  g r i n d e r   method,   which  is  d e s c r i b e d   h e r e i n a f t e r .   T h e  

p roduc t   has  a  maximum  neat  analog  fat  con t en t   of  about   18%  b y  

weight  and  a  water   ac t iv i ty   of  about   0.96  or  g r e a t e r .  
Acidif icat ion  of  analog  pr ior   to  its  combinat ion  with  the  s a u c e  

componen t s   of  the  p r o d u c t   has  the  effect   of  d e c r e a s i n g   t h e  

amount  of  fat  a b s o r b e d   by  the  p ro te in   dur ing   h e a t s e t t i n g ,  

t h e r e b y   r educ ing   the  fat  c o n t e n t   of  the  sauce  p r o d u c t .   It  h a s  

been  found  that  ac id i f ica t ion   causes   swell ing  of  the  i n t e r n a l  

prote in   s t r u c t u r e   r e s u l t i n g   in  a  r e d u c t i o n   in  the  size  of  the  v o i d s  

p r e s e n t .   This  is  i l l u s t r a t ed   by  F igu re s   3-10.  F igures   3,  5,  7 

and  9  r e p r e s e n t   typical   p h o t o m i c r o g r a p h s   of  unacidi f ied   a n a l o g ,  

while  F igures   4,  6,  8  and  10  r e p r e s e n t   typical   p h o t o m i c r o g r a p h s  

of  acidif ied  analog.   All  p h o t o m i c r o g r a p h s   were  at  16  t i m e s  

magni f i ca t ion .   F igures   3,  4,  5  and  6  were  s ta ined  to  s h o w  

prote in   and  c a r b o h y d r a t e s   us ing  a  per iod ic   a c i d - l e u c o b a s i c   f u c h s i n  

( S c h i f f ' s )  -   aniline  blue  black  p r o c e d u r e   d e s c r i b e d   h e r e i n a f t e r .  

A  compar ison  of  F igures   3  and  5  of  unacid i f ied   analog  w i t h  

F igures   4  and  6  of  acidif ied  analog  shows  a  r educ t ion   in  the  v o i d  

spaced  causes   by  the  swelling  of  the  p ro te in   s t r u c t u r e   due  to  t h e  

ac id i f i ca t ion .   F igures   7,  8,  9  and  10  were  s tained  via  osmium 

t e t r aox ide   vapor s   by  a  p r o c e d u r e   d e s c r i b e d   h e r e i n a f t e r   t o  

h igh l igh t   the  fat  p r e s e n t   in  addi t ion   to  the  protein   a n d  

c a r b o h y d r a t e .   A  compar i son   of  F igu re s   7  and  9  of  u n a c i d i f i e d  

analog  with  F igures   8  and  10  of  ac idi f ied  analog  d e m o n s t r a t e s   a 

t h i cken ing   of  the  cell  walls  c o r r e s p o n d i n g   to  a  dec rease   in  t h e  

void  s p a c e .  
The  d e c r e a s e   in  void  space   c o r r e s p o n d s   to  a  dec rea se   in  f a t  

up take   d u r i n g   f rying  for  the  ac id i f ied   ana log .   The  smaller  p o r e  
s t r u c t u r e   in  the  pro te in   r e su l t s   in  less  fat  being  a b s o r b e d   d u r i n g  

h e a t s e t t i n g .   Acidified  pro te in   also  has  a  lower  hydra t ion   c a p a c i t y  

than  unac id i f i ed   p ro te in .   Since  d u r i n g   h e a t s e t t i n g   it  is  b e l i e v e d  

that   the  fat  is  e x c h a n g e d   for  wa te r ,   the  reduced   h y d r a t i o n  

capaci ty   of  the  prote in   means  it  has  a  r e d u c e d   capaci ty   for  f a t  

a b s o r p t i o n .   A  longer  pH  e q u i l i b r a t i o n   time  is  r e q u i r e d   f o r  

p r o d u c t   con ta in ing   analog  with  high  levels  of  fat.  Thus  a 

reduc t ion   in  fat  up take   d e c r e a s e s   e q u i l i b r a t i o n   t ime.  



For  the  acidif ied  p r o d u c t   of  this  invent ion  the  fat  level  o f  

the  fried  analog  or  neat  analog  is  from  about  12%  to  about   18%  b y  

weight .   When  unac id i f i ed   analog  is  added  to  sauce ,   and  t h e  

combinat ion  is  then  acidif ied  and  p r o c e s s e d   in  a  similar  m a n n e r ,  
the  neat  analog  fat  con ten t   is  typical ly   from  about   19%  to  a b o u t  

22%  by  weigh t .   T h u s ,   the  fat  con t en t   of  a  p r o d u c t   c o n t a i n i n g  

analog  can  be  r e d u c e d   by  about   5%  by  weight  t h r o u g h   use  o f  

d i rec t   ac id i f ica t ion   of  analog  pr ior   to  its  combinat ion  with  t h e  

sauce.   Those  p r o d u c t s   con ta in ing   a  meat  component   can  h a v e  

s l ight ly  h ighe r   fat  c o n t e n t s .  

The  d e c r e a s e   in  void  space  also  c o r r e l a t e s   to  a  s t r e n g t h e n i n g  

of  the  analog  t e x t u r e .   This  firmer  t e x t u r e   is  less  porous   a n d  

less  likely  to  d i s i n t e g r a t e .   Thus   in  c o n t r a s t   to  the  a d v e r s e   e f f e c t  

of  ac id i f ica t ion   on  meat  or  poul t ry   of  yielding  a  soft  m u s h y  

t e x t u r e ,   ac id i f ica t ion   of  analog  yields  a  des i rab le   firm  t e x t u r e .  

Ground  beef   acidif ied  a cco rd ing   to  the  above  p roces s   to  a  pH  o f  

4.8  a p p r o a c h e s   the  beef ' s   i soe lec t r ic   point  and  the  mea t  

d i s i n t e g r a t e s   into  smaller  pieces  with  r educed   d i a m e t e r .   I t  

becomes  soft  or  mushy  in  t e x t u r e ,   a p p e a r s   g r a y ,   and  deve lops   a 

bad  t a s t e .   The  s c r e e n e d   analog  of  the  p r o d u c t   of  the  p r e s e n t  
invent ion  at  pH  less  than  4.6  has  a  minimum  f i rmness   of  about   75 

kg-cm  as  measu red   by  the  meat  g r i n d e r   method,   and  usua l ly   is 

from  about   75  to  about   180  kg-cm.   Typical   commercial ly  a v a i l a b l e  

p r o d u c t s   con ta in ing   t e x t u r e d   vege t ab l e   protein   have  a  p r o t e i n  

chunk  t e x t u r e   of  about   20  to  about   65  kg-cm,   when  m e a s u r e d   b y  

the  meat  g r i n d e r   m e t h o d .  

An  addi t ional   benef i t   of  this  invent ion   is  that   t h e r e   is  no  

increase   in  sour  f lavor  d isplay   when  an  acidified  analog  is  u s e d .  

It  is  known  that   as  pH  is  d e c r e a s e d   due  to  ac id i f i ca t ion ,   t a r t n e s s  

or  s o u r n e s s   of  f lavor  i n c r e a s e s .   In  p r o d u c t   where  an  u n a c i d i f i e d  

analog  is  used ,   p r o d u c t   equ i l ib r ium  pH  has  to  be  s t r i c t l y  

contro l led   to  maintain  high  p r o d u c t   a ccep t ance   by  c o n s u m e r s .  

Any  p r o d u c t   equ i l ib r ium  pH  less  than  4.50  was  found  to  b e .  

u n a c c e p t a b l e   due  to  its  s o u r n e s s .   With  the  use  of  a c i d i f i e d  

analog  the  pH  of  the  final  p r o d u c t   can  be  lowered  to  less  t h a n  

4.50  and  still  r esu l t   in  p r o d u c t   that   is  not  u n a c c e p t a b l y   s o u r .  



For  the  p r o d u c t   of  this  inven t ion   it  is  most  p r e f e r r e d   that  t h e  

final  p r o d u c t   equ i l ib r ium  pH  be  4.2  to  4 . 4 .  

The  p roduc t   of  the  p r e s e n t   invent ion   has  a  water   ac t iv i ty   o f  

about   0.96  or  g r e a t e r .   T y p i c a l l y ,   the  water  ac t iv i ty   is  b e t w e e n  

0.96  and  1.00.  Complete  h y d r a t i o n   of  the  t e x t u r e d   prote in   is 

n e c e s s a r y   to  optimize  p r o d u c t   f lavor  and  t e x t u r e .   Res t r i c t ion   o f  

the  water   level  in  the  p r o d u c t   d e c r e a s e s   f lavor  and  a d v e r s e l y  

a f fec t s   t e x t u r e .  

It  has  been  d e t e r m i n e d   that   keeping  the  pH  be tween  4.4  a n d  

4.6,   while  e f fec t ive   to  p r e v e n t   deve lopmen t   of  C l o s t r i d i u m  

b o t u l i n u m ,   is  i n su f f i c i en t   to  p r e v e n t   d e v e l o p m e n t   of  flat  s o u r  

spo i l age ,   caused   by  ac t iv i ty   of  Bacil lus  coagu lans .   In  addi t ion  to  

ac id i f i ca t ion   to  a  p a r t i c u l a r   pH  r a n g e ,   a  minimum  organ ic   a c id  

level  is  r e q u i r e d   for  control   of  the  lat ter   m ic roo rgan i sm .   An 

o rgan ic   acid  level  of  at  least  0.4%  organic   acid  e x p r e s s e d   a s  

a n h y d r o u s   citric  acid  is  r e q u i r e d   for  long- te rm  shelf   s t a b i l i t y .  

In  g e n e r a l ,   any  f ood -compa t ib l e   acid,  or  combinat ion  o f  

f ood -compa t ib l e   o rgan ic   and  i no rgan ic   acids ,   is  a ccep t ab l e   f o r  

lowering  the  pH.  Edible  o rgan ic   acids  which  can  be  used  h e r e i n  

include  fumar ic ,   c i t r ic ,   malic,  ace t ic ,   lactic,  p r o p a n o i c ,   a d i p i c ,  

t a r t a r i c ,   succ in ic ,   and  the  like.  A  cer ta in   level  of  i n o r g a n i c  

acids  may  also  be  used  for  lowering  the  pH.  These   acids  are  n o t  

c o u n t e d   in  the  o rgan ic   acid  level.  These  include  p h o s p h o r i c ,  

c a r b o n i c ,   sodium  h y d r o g e n   p h o s p h a t e ,   a n h y d r i c   chloric   acid,  a n d  

the  like.  Within  the  pH  limit  of  the  o rgan ic   acid  level,  c e r t a i n  

acids  and  combinat ion  of  acids  will  p rov ide   more  a ccep t ab l e   f l a v o r ,  

d e p e n d i n g   upon  the  p r o d u c t   being  fo rmula ted .   For  e x a m p l e ,  

ac id i f i ca t ion   with  ci tr ic  acid  p r o v i d e s   more  s o u r n e s s   a n d  

s h a r p n e s s   than  ac id i f ica t ion   with  h y d r o c h l o r i c   acid  at  a  given  p H .  

Acetic  acid  can  add  a  v i n e g a r y   f lavor   to  f o o d s .  

De te rmina t ion   of  the  specif ic   pH  and  o rgan ic   acid  level  o f  

any  p a r t i c u l a r   p r o d u c t   can  readi ly   be  done  by  s t a n d a r d   a n a l y t i c a l  

t e c h n i q u e s   d e s c r i b e d   h e r e i n a f t e r .   A l t e r n a t i v e l y ,   the  o rgan ic   a c i d  

level  can  be  ca lcu la ted   in  a d v a n c e   by  adding  t o g e t h e r   the  o r g a n i c  

acid  c o n t e n t s   of  each  of  the  i n g r e d i e n t s   of  the  food  p r o d u c t ,  

along  with  any  organic   acids  added   as  par t   of  the  f o r m u l a t i o n .  



Acid  can  be  added   as  needed  or  excess   acid  can  be  n e u t r a l i z e d   a s  

r equ i r ed   to  obtain  the  des i red   p H .  

It  can  be  a p p r e c i a t e d   that  still  o ther   e x e c u t i o n s   of  t h i s  

invent ion  can  be  dev i sed   without   d e p a r t i n g   from  its  scope  a n d  

spi r i t   and  wi thout   losing  its  a d v a n t a g e s .   Minor  p r o c e s s i n g  

p a r a m e t e r s   and  p r o d u c t   i n g r e d i e n t s   can  be  a l t e r ed   w i t h o u t  

d e p a r t i n g   from  the  scope  of  the  inven t ion .   In  p a r t i c u l a r ,   a n  
acidified  sauce  p r o d u c t   conta in ing   high  levels  of  analog  has  f i rm 

t e x t u r e ,   no  i n c r e a s e   in  sour  f lavor ,   and  r e d u c e d   levels  of  f a t .  

Acidif icat ion  of  the  analog  prior   to  its  combinat ion  with  the  s a u c e  

component   of  the  p r o d u c t ,   however   p r a c t i c e d ,   r e d u c e s   pH 

equ i l i b ra t ion   time  promot ing  p roduc t   s a f e ty ,   and  r e su l t s   in 

p roduc t   of  improved   t e x t u r e ,   and  r educed   fat  c o n t e n t .  

Tes t ing   M e t h o d s  

A.  pH  of  Analog  P i e c e s  

The  analog  was  s e p a r a t e d   from  the  sauce  by  pour ing   t h e  

p r o d u c t   t h r o u g h   a  0.500  inch  s c r een .   The  c o n t e n t s   of  the  s c r e e n  

were  d r a ined   and  b lot ted   with  a  paper   towel  to  remove  f r e e  

sauce.   An  ind iv idua l   analog  chunk  was  then  placed  at  25°C  o n t o  

a  Microe lec t rode   Model  MI-410  Combination  E lec t rode   ava i lab le   f rom 

Mic roe l ec t rodes ,   I nc . ,   L o n d o n d e r r y ,   NH  03053.  The  pH  was  r e a d  

af ter   one  minute .   The  pH  of  a  minimum  of  15  analog  c h u n k s   was  
de te rmined   and  a v e r a g e d   with  ca l ibra t ion   of  the  e l e c t r o d e   a f t e r  

every   5  r e a d i n g s .   pH  was  also  s e p a r a t e l y   d e t e r m i n e d   for  t h e  

s c r eened   sauce  and  total  p r o d u c t   using  s t a n d a r d   m e t h o d s ,   a s  
def ined  in  21  CFR  114.90,   the  d i sc losure   of  which  is  fully  h e r e i n  

i n c o r p o r a t e d   by  r e f e r e n c e .  

B.  Organic   A c i d s  

Organic   acids  were  de t e rmined   using  the  method  of  Rife  e t  

a l . ,   Food  R e s e a r c h ,   Vol.  19,  pp.  106-114  (1954) ,   or  by  t h e  

methods  d e s c r i b e d   in  Official  Methods  of  Ana lys i s   of  t h e  

Associat ion  of  Official  Analyt ical   Chemis t s ,   12th  Ed.  ( 1 9 7 5 ) ,  
§22.060  to  §22.061,   p.  401,  the  d i s c lo su re s   of  which  are  all  f u l l y  
i n c o r p o r a t e d   here in   by  r e f e r e n c e .  



C.  Organic   Acids  by  T i t r a t a b l e   A c i d i t y  

A  sauce  sample  is  d i lu ted   and  t i t r a t e d   with  0.1  no rma l  

sodium  h y d r o x i d e   to  a  pH  of  8.1.  The  t i t r a t a b l e   ac idi ty   is 

e x p r e s s e d   as  p e r c e n t   in  h y d r o c i t i c   a c i d .  

D.  Fat  C o n t e n t  

The  fat  con t en t   of  the  total  p r o d u c t ,   s c r e e n e d   sauce ,   a n d  

s c r e e n e d   analog  were  d e t e r m i n e d   using  pulsed  nuc lea r   m a g n e t i c  

r e sonance   ( h e r e i n a f t e r   PNMR),  as  d e s c r i b e d   in  Madison  and  Hil l ,  

J.  Amer.  Oil  Chem.  Soc . ,   55,  328-331  (1978).  The  PNMR  r e a d i n g  

is  related  to  a  t r i c a p r y l i n   s t a n d a r d   ca l ib ra t ion   c u r v e   c o r r e l a t e d  

with  raw  mater ia ls   used  in  the  p r o d u c t .  

E.  T e x t u r e  

The  t e x t u r e   was  m e a s u r e d   as  the  amount  of  e n e r g y   r e q u i r e d  

to  compress   an  analog  sample.   A  s t a n d a r d   sample  weight   is 

c o m p r e s s e d   and  e x t r u d e d   in  a  t e x t u r e   cell.  A  Chati l lon  U n i v e r s a l  

Test   Stand  Model  UTSE,  avai lable   from  John  Chati l lon  and  S o n s ,  

New  York,  New  York,   was  employed .   The  force  and  d i s t a n c e  

o u t p u t s   were  i n t e r f a c e d   with  an  Apple  11  compute r   for  e n e r g y  

ca l cu l a t i ons ,   g r aph i ca l   d i s p l a y s ,   and  data  ana ly s i s .   E x t r u s i o n  

e n e r g y ,   s lopes ,   liquid  e x t r u s i o n   force,   peak  e x t r u s i o n   f o r c e ,  

d e n s i t y ,   s p r i n g b a c k   force ,   and  s p r i n g b a c k   to  peak  rat io,   w e r e  

d e t e r m i n e d .  

1)  Meat  G r i n d e r   M e t h o d  

A  specific  weight   sample  of  analog  is  placed  into  a  c y l i n d r i c a l  

c o n t a i n e r .   The  bottom  of  the  c o n t a i n e r   has  holes  and  t h e  

con t a ine r   has  no  top.  A  p l u n g e r   forced  by  a  flat  disk  a t t a c h e d  

to  the  Chatil lon  load  cell  is  i n s e r t e d   into  the  c o n t a i n e r   and  u s e d  

to  force  the  analog  t h r o u g h   the  holes  in  the  bottom  of  t h e  

con ta ine r   (like  in  a  meat  g r i n d e r ) .   The  d iameter   of  the  c o n t a i n e r  

and  p l u n g e r   are  d e s i g n e d   so  that   all  of  the  sample  is  e x t r u d e d  

from  the  c o n t a i n e r .   The  disk  has  a  la rger   d iamete r   than  t h e  

p l u n g e r   and  c o n t a i n e r .   The  p l u n g e r   is  forced  down  into  t h e  

sample  con ta ine r   at  a  fixed  speed  for  a  fixed  d i s t a n c e .   When  t h e  

liquid  e x t r a c t e d   by  the  p r e s s u r e   r eaches   a  cer ta in   marked  level  in 

the  con ta ine r   it  is  noted  to  mark  the  liquid  e x t r u s i o n   f o r c e .  

After   the  p l u n g e r   has  moved  a  fixed  d i s t a n c e ,   a  g r a p h   of  f o r c e  

vs.  d i sp lacement   is  p r e p a r e d   and  e x t r u s i o n   ene rgy   ca lcu la ted   f r o m  



the  area  u n d e r   the  r e su l t ing   line  on  the  g r a p h .   The  Meat 

Gr inde r   E n e r g y   is  a  measure   of  t o u g h n e s s   of  the  ma t e r i a l  

m e a s u r e d .  

F.  P h o t o m i c r o g r a p h s  

The  analog  samples  were  frozen  using  a  Minotome  C r y o s t a t ,  

sec t ioned  abou t   8  to  10  microns  in  t h i c k n e s s ,   and  placed  on 

gelat in  coated  or  plain  s l ides.   Sect ions   on  gela t in   coated  s l i d e s  

were  s ta ined   us ing  Periodic  Ac id  -   Leucobas ic   Fuchs in   ( S c h i f f s )  -  

Aniline  Blue  Black  ( P r o - C a r b )   as  d e s c r i b e d   below.  Those  on  

plain  sl ides  were  s ta ined  using  osmium  t e t r a o x i d e   as  d e s c r i b e d  

below.  P h o t o m i c r o g r a p h s   were  taken  using  a  Universa l   or  Ze i s s  

microscope  at  s ix teen   times  magnif ica t ion   us ing  Kodachrome  40,  

Type  A  Film  5070 .  

For  the  p r o - c a r b   s t a in ing ,   sec t ions   on  sl ides  were  t r e a t e d  

with  the  following  so lu t ions .   In  each  case  the  solution  was  

p ipe t t ed   onto  the  slide,  allowed  to  sit  for  the  ind ica ted   time,  a n d  

the  excess   d r a i n e d   off  the  slide.  Distilled  wa te r ,   0.5%  P e r i o d i c  

acid  for  3  m i n u t e s ,   tap  water  for  1  minute ,   d is t i l led   water   for  1 

minute,   Leucobas ic   Fuchsin  for  2  minu tes ,   2%  sodium  b isul f i te   f o r  

1  minute ,   tap  water   for  1  minute ,   0.05%  anil ine  blue  black  for  2 

minutes ,   7%  acet ic   acid  for  2-3  s e c o n d s ,   and  one  drop  of  50 :50  

alcoholic  g l y c e r i n e .   The  slides  were  then  cove red   a n d  

p h o t o g r a p h e d .  
For  the  osmium  t e t r a o x i d e   s ta in ing  a  f r e sh   solution  of  2% 

osmic  acid  in  methanol   was  p r e p a r e d   and  placed  in  a  d e s i c c a t o r ,  

and  the  s l ides   placed  in  a  circle  e q u i - d i s t a n t   from  the  a c id  

con t a ine r .   The  d e s i c c a t o r   was  c o v e r e d ,   sea led ,   and  the  s a m p l e s  

exposed   for  about   16  hours   to  the  osmium  t e t r a o x i d e   v a p o r s  

g e n e r a t e d .   The  osmic  acid  solution  was  then  removed  from  t h e  

des i cca to r   and  the  slides  exposed   to  air  for  about   1  h o u r .  

Mineral  oil  was  then  p ipe t t ed   onto  the  sl ides  and  they  w e r e  

covered   and  p h o t o g r a p h e d .  

The  following  examples   i l l u s t r a t e   the  i n v e n t i o n s   d e s c r i b e d  

he re in ,   but  are  not  i n t ended   to  define  the  limits  t he reo f .   All 

p e r c e n t a g e s   are  by  weight   unless   o the rwi se   s t a t e d .  



Example  1 

Example  1  i l l u s t r a t e s   the  p roce s s   and  p roduc t   of  the  p r e s e n t  
invent ion  where in   the  analog  componen t   is  acidif ied  pr ior   to  i t s  

combinat ion  with  the  s a u c e .  

A  s p a g h e t t i   sauce  was  p r e p a r e d   accord ing   to  the  fo l lowing 

f o r m u l a :  

The  tomatoes ,   spices   and  s e a s o n i n g s ,   citric  acid,   oil,  a n d  

water ,   were  combined  in  a  50  gallon  Hamilton  ket t le   with  a 

s t e a m - h e a t e d   jacket   and  hea ted   to  about   120°F  (49°C)  to  a b o u t  

140°F  (60°C)  with  ag i ta t ion   over   a  period  of  about  2  h o u r s .   T h e  

pH  of  the  mixture   was  a d j u s t e d   to  about   4.2.  The  mix ture   w a s  

then  heated  to  160°F  (71°C) ,   and  the rmal ly   p r o c e s s e d   by  p a s s i n g  

t h r o u g h   a  Crepaco  VT460  swept   su r f ace   heat  e x c h a n g e r   to  a c h i e v e  

h i g h - t e m p e r a t u r e - s h o r t - t i m e   commercial   s t e r i l i z a t i on .   T h e  

t e m p e r a t u r e   was  raised  to  255°F  (124°C) ,   main ta ined   for  45 

s e c o n d s ,   and  then  cooled  to  abou t   140°F  ( 6 0 ° C ) .  

A  soy  prote in   c o n c e n t r a t e ,   Procon  2000,  m a n u f a c t u r e d   by  t h e  

A.  E.  Staley  Company,   was  mixed  with  water   to  a  mois ture   level  

of  about   40%  and  worked  to  a  dough   in  a  Werne r  6   P f l e ide re r   t w i n  

screw  e x t r u d e r   in  a  manner   so  that   s t r a n d s   of  e x t r u d a t e   w e r e  

formed.   The  dough  t e m p e r a t u r e   immediately  pr ior   to  exit  f rom 

the  e x t r u d e r   was  about   170°C  (338°F)  and  the  p r e s s u r e   was  a b o u t  

600  psig.   As  the  s t r a n d s   of  dough   ex i ted   from  the  e x t r u d e r   d i e ,  

they  were  e x p a n d e d   somewhat   by  re lease   of  steam  to  a  d i ame te r   o f  

about   6  mm.  The  e x t r u d a t e   s t r a n d s   were  cut  into  l eng ths   o f  

about   1.5  cm  by  a  ro t a ry   s h e a r .   The  pieces  were  air  c o n v e y e d  

to  a  knife  impact  mill  with  16  b lades   ro ta t ing   at  a  tip  veloci ty   o f  

about   48  m/sec .   Par t ic les   were  s h e a r e d   and  r e d u c e d   in  size  a s  

they  impacted  aga ins t   a  plate  p e r f o r a t e d   with  3/8"  s q u a r e  

open ings   at  the  mill  d i s c h a r g e .  



This  p a r t i c u l a t e   e x t r u d a t e   was  mixed  with  dry  f l avo ran t s   a n d  

then  h y d r a t e d   with  acid  and  water   at  about   87°C  to  93°C  (190°F 

to  200°F)  to  a  pH  of  about   4.8.  The  r e su l t i ng   s l u r r y   was  cooled 

to  about   49°C  (120°F) ,   mixed  with  egg  white  b inde r   until  t h e  

mix tu re   was  homogeneous   and  little  free  liquid  was  a p p a r e n t .  
The  f in i shed   s l u r ry   con ta ined   by  weight   about   70%  water ,   2.2% 

egg  white  sol ids ,   3.8%  f l avo ran t s   and  the  r ema inde r   e x t r u d a t e  

s o l i d s .  

The  s l u r r y   was  then  formed  on  a  moving  c o n t i n u o u s   belt  a s  

a  layer   about   1/2  inch  thick  and  about   10  inches  wide.  T h i s  

layer  was  d r o p p e d   a  shor t   d i s t ance   onto  a  mesh  belt  t r a v e l i n g  

somewhat   f a s t e r   than  the  forming  belt  so  that   pa r t i a l ly   s e p a r a t e d  

lumps  of  s l u r r y   of  va r ious   sizes  were  formed.   The  moving  mesh  

belt  was  immersed  in  the  vat  of  a  c o n t i n u o u s   f rye r   w h i c h  

con t a ined   fat  control led   at  130°C.  Immersion  of  the  mat  was  

main ta ined   by  an  upper   second  belt  of  like  des ign   conveyed   a t  

the  same  speed   as  the  lower  belt.   The  space  be tween  the  b e l t s  

was  l a rge r   than  the  t h i c k n e s s   of  the  m a t .  

The  analog  was  fried  for  about   3.5  minu tes .   The  ana log  

exi t ing  from  the  f rye r   was  in  pieces  of  va r ious   sizes  and  t h i c k -  

n e s s e s .   This  analog  was  then  d ra ined   free  of  excess   fat  a n d  

cooled  in  c o n t a i n e r s .   Fat  con ten t   of  the  fried  analog  was  

d e t e r m i n e d   as  p r ev ious ly   d e s c r i b e d .  

The  meat  analog  component   and  sauce  componen t s   w e r e  

combined  and  the  p roduc t   heated  to  about  190°F  (88°C)  in  a b o u t  

25  m i n u t e s .   The  p roduc t   was  then  held  at  about   190°F  (88°C)  

for  abou t   20  minutes .   Several   jars  were  then  filled  with  p r o d u c t ,  

c a p p e d ,   i n v e r t e d ,   and  c o o l e d .  

Af te r   cool ing,   pH  m e a s u r e m e n t s   were  ob t a ined   for  t h e  

s c r e e n e d   sauce  and  cen te r   pH  m e a s u r e m e n t s   were  ob t a ined   for  t h e  

s c r e e n e d   analog  using  the  method  p r e v i o u s l y   d e s c r i b e d .   Fa t  

con t en t   for  the  sauce  p roduc t   was  de t e rmined   us ing  the  m e t h o d  

p r e v i o u s l y   d e s c r i b e d .   Product   was  s to red   at  40°F  (4°C)  and  70°F 

(21°C)  and  the  pH  measured   at  24  hour  i n t e r v a l s .   The  data  a r e  
summar ized   in  Table  I.  The  analog  c e n t e r   par t ic le   pH 

e q u i l i b r a t e d   to  less  than  4.6  within  24  h o u r s .  





Product   p r e p a r e d   a cco rd ing   to  the  formula  and  p rocess   o f  

Example  1  was  ana lyzed  for  c e n t e r   pH  on  the  s c r eened   a n a l o g .  

The  analog  was  then  m a s c e r a t e d   and  ana lyzed   for  pH.  The  d a t a  

is  summarized  in  Table  I-B  and  d e m o n s t r a t e s   that   analog  c e n t e r  

pH  is  typical ly   h igher   than  the  pH  on  the  macera ted   analog,   t h u s  

n e c e s s i t a t i n g   pH  equ i l i b r a t i on   to  a s s u r e   p roduc t   s a f e t y .  



Example  2 

Example  2  i l l u s t r a t e s   p r e p a r a t i o n   of  the  p r o d u c t   of  t h e  

p r e s e n t   i nven t ion   by  a  p roce s s   where in   the  analog  and  s a u c e  

componen t s   are  combined  pr ior   to  ac id i f i ca t ion .   A  spaghe t t i   s a u c e  

was  p r e p a r e d   a c c o r d i n g   to  the  following  f o r m u l a :  

P roduc t   was  p r e p a r e d   a c c o r d i n g   to  the  p rocess   of  Example  1 

excep t   that   the  p ro te in   e x t r u d a t e   was  h y d r a t e d   with  water .   No 

acid  was  mixed  with  the  wa te r .   The  pH  was  about  6.0.  A f t e r  

the  analog,   beef ,   and  sauce  c o m p o n e n t s   were  combined  the  pH 

was  a d j u s t e d   to  4.47  and  the  p r o d u c t   heat  p r o c e s s e d   as  in 

Example  1.  pH  and  fat  con t en t   were  ob ta ined   for  the  p r o d u c t   a s  

in  Example  1.  Data  are  summar ized   in  Table  If  and  d e m o n s t r a t e  



that  this  p r o d u c t   had  a  h igher   fat  con ten t ,   and  r e q u i r e d   a b o u t  

two  weeks  for  the  pH  to  e q u i l i b r a t e   to  below  4 . 6 .  

Example  3 

Two  commercially  avai lable   spaghe t t i   s auces ,   B rands   A  a n d  

B,  were  combined  with  g r o u n d   beef  and  ac id i f ied .   In  a  f i rst   c a s e  

the  sauce  was  acidif ied  before   addi t ion  of  the  beef.   In  t h e  

second  case ,   the  same  two  sauces   were  each  combined  w i t h  

g r o u n d   beef  that   had  been  acidif ied  to  pH  5.15.  A  pH  of  5 . 1 5  

was  as  low  as  could  be  ob ta ined   wi thout   par t ic le   s i z e  

d i s i n t e g r a t i o n .   ( P r e v i o u s l y ,   ac idi f ica t ion  of  g r o u n d   beef  to  pH 

4.8  r e su l t ed   in  a  g r a y i s h ,   b a d - t a s t i n g   beef  which  d i s i n t e g r a t e d  

into  small  p a r t i c l e s . )   In  all  cases  the  g r o u n d   beef   level  was  24% 

by  weight  and  the  total  p r o d u c t   was  acidified  to  a  pH  of  4 . 4 .  

The  in ternal   pH  of  the  beef  pa r t i c les   were  m e a s u r e d   f o r  

e q u i l i b r a t i o n .   The  r e su l t ing   data  are  summarized  in  Table  III  a n d  



Figure   1,  ind ica t ing   pH  e q u i l i b r a t i o n   to  4.4  had  not  o c c u r r e d  

af ter   48  h o u r s .   The  p r o d u c t   pH  gene ra l l y   remained  g r e a t e r   t h a n  

4.6,  the  FDA  limit  for  acidif ied  foods,   and  it  is  possible   t h a t  

Clos t r id ium  botu l inum  would  occur   unless   more  seve re   p r o c e s s i n g  

cond i t ions   for  s t e r i l i za t ion   were  e m p l o y e d .  

Example  4 

The  s p a g h e t t i   sauce  p r o d u c t   of  Examples  1  and  2,  a n d  

several   commercial ly   avai lable   sauce  p r o d u c t s   con ta in ing   t e x t u r e d  

pro te in   or  meat  were  ana lyzed   for  pH  and  t e x t u r e   accord ing   t o  

the  meat  g r i n d e r   method  p r e v i o u s l y   d e s c r i b e d .   All  ana lyses   w e r e  

p e r f o r m e d   on  s c r e e n e d   analog  or  s c r e e n e d   m e a t .   The  c en t e r   pH 

of  typical   large  pieces  was  d e t e r m i n e d .   If  only  small  pieces  w e r e  

p r e s e n t ,   the  pH  of  the  total  p r o d u c t   was  d e t e r m i n e d .   The  d a t a  

d e m o n s t r a t e d   that   the  claimed  sauce  p r o d u c t   i l l u s t r a t ed   b y  

Example  1  had  a  f i rmer  t e x t u r e   and  was  not  r e n d e r e d   soft  o r  

mushy  by  its  ac id i f ica t ion   d u r i n g   p r o c e s s i n g .   The  r e su l t ing   d a t a  

is  summar ized   in  Table  IV. 





Example  5 

A  spaghe t t i   sauce  p r o d u c t   was  p r e p a r e d   a cco rd ing   to  t h e  

formula  of  Example  2  and  p r o c e s s   of  Example  1.  The  t e x t u r e d  

pro te in   was  acidif ied  d i r ec t ly   to  a  pH  of  4.8.  The  sauce  w a s  

a d j u s t e d   to  a  pH  of  about   4.2.  The  acidif ied  analog  and  s a u c e  

were  then  combined  and  p r o c e s s e d   as  in  Example  1.  The  s ame  

formula  p r o d u c t   was  p r e p a r e d   a c c o r d i n g   to  the  p roces s   o f  

Example  2  wherein   the  unac id i f i ed   analog  and  sauce  were  c o m b i n e d  

pr ior   to  ac id i f ica t ion .   The  pH  of  both  final  p r o d u c t s   was  4 . 3 .  

The  p r o d u c t s   were  e v a l u a t e d   for  flavor  by  a  panel  of  40 

c o n s u m e r s   and  by  a  second  panel  of  10  e x p e r t s .   The  c o n s u m e r s  

were  asked  to  ident i fy   which  p r o d u c t   was  more  sour   in  f l a v o r .  

Nei ther   p roduc t   p r e d o m i n a t e d   since  19  consumer s   ident i f ied   t h e  

p r o d u c t   con ta in ing   acidif ied  analog  as  more  sou r ,   and  21 

c o n s u m e r s   ident i f ied   the  p r o d u c t   con ta in ing   unac id i f i ed   analog  a s  

more  sour .   T h u s ,   the  ac id i f i ca t ion   p rocess   of  the  p r e s e n t  

inven t ion   does  not  yield  a  p r o d u c t   with  i nc reased   sour   f l a v o r .  

Seven  of  ten  of  the  e x p e r t   pane l i s t s   d e t e r m i n e d   that   t h e  

p r o d u c t   conta in ing   acidif ied  analog  was  less  sour   than  that   c o n -  

ta ining  unac id i f ied   analog.   This  r e p r e s e n t s   an  82.8%  p r o b a b i l i t y  

s t a t i s t i c a l l y   that   sour  f lavor  is  less  when  the  p roces s   of  t h e  

p r e s e n t   invent ion   is  employed .   T h u s ,   d i rect   ac id i f ica t ion   of  t h e  

t e x t u r e d   protein   to  d e c r e a s e   pH  does  not  resul t   in  a  p r o d u c t   w i t h  

i n c r e a s e d   sour  f l a v o r .  



Example  6 

Example  6  i l l u s t r a t e s   the  p r e p a r a t i o n   of  analog  using  t h e  

acid  s e p a r a t i o n   and  water  washing  s teps   as  d e s c r i b e d   here in .   A 

pro te in   mix  was  p r e p a r e d   accord ing   to  the  following  f o rmu la :  

The  above  dry  protein   mix  was  mixed  and  placed  in  a  f e e d e r  

of  a  specia l ly   modified  Wenger-X-20  e x t r u s i o n   sys tem  having  f ive  

t e m p e r a t u r e   zones .   The  system  was  modified  to  control  t h e  

t e m p e r a t u r e   in  the  final  three   zones  within  ±  10%  of  the  s e t  

t e m p e r a t u r e .   In  add i t ion ,   the  water   injection  sys tem  was  modi f ied  

to  ca re fu l ly   control   the  flow  of  the  water   into  the  e x t r u s i o n  

sys tem  and  into  the  mixing  c y l i n d e r .  

The  dry  componen t s   were  s e p a r a t e l y   weighed  and  mixed  in  a 

r ibbon  b l e n d e r .   This  premix  was  then  placed  in  the  e x t r u d e r  

hoppe r   and  au tomat ica l ly   conveyed   t h r o u g h   a  mixing  cy l inder   on  a 

c o n t i n u o u s   bas i s .   Water  was  injected  at  the  rate  of  0 . 6 0  

I b s . / m i n .   and  steam  was  added  at  the  rate  of  0.20  l b s . / m i n .   in 

the  mixing  c y l i n d e r .   This  r e s u l t a n t   wet  p ro te in   mix  c o n t a i n e d  

about   32%  w a t e r .  

The  p r o t e i n a c e o u s   composit ion  was  then  fed  into  t h e  

e x t r u s i o n   ba r re l   at  the  rate  of  about   2.8  l b s . / m i n .   Each  of  t h e  

zones  is  e q u i p p e d   with  a  spiral  a u g e r .   The  p r e s s u r e   in  t h e  

four th   t e m p e r a t u r e   zone  ranged  from  70-130  psi,   and  the  fifth  o r  

last  t e m p e r a t u r e   zone  was  about   300  psi.  The  a u g e r s   a r e  

o p e r a t e d   at  about   450  rpm.  The  e n e r g y   input   was  about  85  w a t t  

h r s .  / Ib .   of  p ro te in   in  the  e x t r u d a t e   (about   50  watt  h r s . / l b .   o f  

pro te in   m i x ) .  



The  p ro te in   composi t ion  was  passed   t h r o u g h   a  die  p l a t e  

con ta in ing   36  o r i f i ces ,   each  with  a  d iameter   of  2  mm.  The  t e m p -  

e r a t u r e   and  p r e s s u r e   change   ac ross   the  die  plate  caused   t h e  

e x t r u d e d   material   to  expand   to  a  d iameter   about   twice  the  size  o f  

the  die  or i f ice .   The  t e m p e r a t u r e   of  the  e x t r u d a t e   was  a b o u t  

175°C.  

The  puffed   e x t r u d a t e   was  cut  into  s t r a n d s   a p p r o x i m a t e l y   1 .5  

inches  in  length  at  the  die  face,  and  t empered   for  about   30 

seconds   as  it  was  au tomat ica l ly   conveyed   to  a  g r i n d e r   where   it 

was  r e d u c e d   in  size  u n d e r   0.375  inch  in  l ength .   The  r e s u l t i n g  

material   con ta ined   about  25%  w a t e r .  

The  e x t r u d a t e   was  r o d - l i k e ,   r e h y d r a t e d   r a p i d l y ,   and  was  

elastic  as  opposed   to  tough  in  t e x t u r e .   The  matr ix   had  a  l a r g e  

number   of  layers   which  were  easily  s e p a r a t e d   from  each  o t h e r .  

The  layers   were  composed  of  random  length  thin  f i b e r s .  

F o r t y - t h r e e   pounds   of  the  e x t r u d a t e   were  mixed  with  240 

pounds   of  d is t i l led   water  at  about   90°C  in  a  50-gal lon  Hamil ton  

ket t le .   The  water   and  e x t r u d a t e   were  mixed  for  about   30 

minu tes ,   the  water   d r a i n e d ,   and  f resh   water   a d d e d .   T h i s  

p roces s   was  r e p e a t e d   four  t imes.  During  the  fifth  wash  457  g.  o f  

75%  p h o s p h o r i c   acid  was  added   to  the  240  p o u n d s   of  d i s t i l l e d  

water .   The  acid  solution  and  e x t r u d a t e   were  mixed  for  about   30 

minutes .   The  pH  was  4.28.  The  solution  was  d r a i n e d   and  f r e s h  

water   a d d e d .   A  final  wash  was  completed  in  the  same  manner   a s  

the  f i rs t   four  w a s h e s .  

The  washed  e x t r u d a t e   was  c e n t r i f u g e d   to  remove  the  e x c e s s  

water .   The  water   con ten t   of  the  now  fully  h y d r a t e d   e x t r u d a t e  

was  about   82%.  The  w a t e r - w a s h e d   e x t r u d a t e   was  f l a t t e r ,   l e s s  

rod- l ike   in  a p p e a r a n c e   than  the  s t a r t i n g   e x t r u d a t e ,   and  had  a  pH 

of  about   4.4.  The  layer ing   remained  e s sen t i a l l y   u n c h a n g e d .   T h e  

h y d r a t e d   e x t r u d a t e   had  a  bland  f l a v o r .  

An  a g g l o m e r a t e   was  p r e p a r e d   acco rd ing   to  the  fo l lowing  

f o r m u l a :  



All  of  the  above  i n g r e d i e n t s   excep t   the  washed  e x t r u d a t e  

were  mixed  t o g e t h e r   to  form  an  aqueous   b inder   sys tem.   T h e  

b inder   was  added  to  the  washed  fully  h y d r a t e d   e x t r u d a t e   a n d  

mixed  in  a  Hobar t   mixer  until  the  p r o d u c t   was  h o m o g e n i z e d .  

The  agg lomera te   had  a  mat ted ,   flat  a p p e a r a n c e .   T h e  

layer ing   and  b inding  of  the  layers   within  the  g r a n u l e s   r e m a i n e d  

about   the  same  as  the  e x t r u d a t e .  

The  fully  h y d r a t e d   e x t r u d a t e / b i n d e r   mix tu re   was  t h e n  

h e a t - s e t   to  form  an  analog  and  dried  by  placing  the  mixture   in  a 

t w o - s t a g e   belt  d r y e r   and  dried  at  210°F  for  20  minutes   in  t h e  

first   s t a g e ,   and  190°F  for  35  minutes   in  the  second  s tage .   A  d r y  

analog  was  f o r m e d .  

The  dr ied   analog  was  more  matted  in  a p p e a r a n c e   but  t h e  

g r a n u l e s   were  bound  t o g e t h e r   to  make  c h u n k s   similar  in 

a p p e a r a n c e   to  browned  g r o u n d   beef.   The  deg ree   of  l a y e r i n g  

within  the  g r a n u l e s   was  less  but  the  s e p a r a t i o n   of  the  l a y e r s  

remained  about   the  s ame .  

F in ished   p roduc t   analog  was  p r o d u c e d   by  app ly ing   two  f a t  

coa t ings   to  the  sur face   of  the  agg lomera t e   in  a  ro ta t ing   d r u m .  

The  f i rs t   fat  coating  was  molten  vege t ab l e   fat.  The  second  f a t  

coat ing  was  Crisco  OilR  con ta in ing   meat  f lavor  m a t e r i a l s .  

This  p r o d u c t   can  be  r e h y d r a t e d   for  use  in  g r a v i e s ,  

s p a g h e t t i ,   etc.  by  boiling  it  in  water  for  20  to  30  minutes .   T h e  

p roduc t   r e sembles   g round   beef  in  t e x t u r e ,   a p p e a r a n c e   and  e a t i n g  

q u a l i t y .  



When  a  c o n t i n u o u s   c o u n t e r c u r r e n t   e x t r a c t i o n   p rocess   u s i n g  
water   at  about   90°C  and  a  w a t e r - t o - e x t r u d a t e   solids  ratio  of  10:1 

to  15:1  is  used  to  rep lace   the  m u l t i - s t a g e   washing  s tep ,   s imi la r  

r e su l t s   are  o b t a i n e d .  

Example  7 

Example  7  i l l u s t r a t e s   the  p r e p a r a t i o n   of  a  s p a g h e t t i   s a u c e  

p r o d u c t   which  has  a c c e p t a b l e   f lavor  using  analog  p r e p a r e d   as  in 

Example  6.  A  s p a g h e t t i   sauce  p r o d u c t   was  p r e p a r e d   accord ing   t o  

the  following  f o r m u l a :  

The  tomatoes ,   sp ices   and  s e a s o n i n g s ,   citric  acid,   oil,  a n d  

wa te r ,   were  combined  in  a  50  gallon  Hamilton  ket t le   with  a 

s t e a m - h e a t e d   jacket   and  hea ted   to  about   120°F  (49°C)  to  a b o u t  

140°F  (60°C)  with  ag i t a t ion   over   a  period  of  about   2  hours .   T h e  

pH  of  the  mixture  was  a d j u s t e d   to  about   4.2.  The  mix ture   w a s  

then  hea ted   to  160°F  (71°C) ,   and  thermal ly   p r o c e s s e d   by  p a s s i n g  

t h r o u g h   a  Crepaco  VT460  swept   su r f ace   heat  e x c h a n g e r   to  a c h i e v e  

h i g h - t e m p e r a t u r e - s h o r t - t i m e   commercial  s t e r i l i z a t i o n .   T h e  

t e m p e r a t u r e   was  ra ised   to  255°F  (124°C) ,   ma in ta ined   for  45 

s e c o n d s ,   and  then  cooled  to  about   140°F  ( 6 0 ° C ) .  

The  meat  analog  was  h y d r a t e d   1 . 0 : 2 . 4   with  water   a n d  

combined  with  the  tomato  sauce .   The  p r o d u c t   was  heated  to  

about   190°F  (88°C)  in  about   25  minutes   and  held  at  t h a t  

t e m p e r a t u r e   for  about   20  minu te s .   The  p r o d u c t   was  then  j a r r e d ,  

c a p p e d ,   i n v e r t e d ,   and  cooled.   The  equ i l ib r ium  pH  was  4 . 2 8 .  



A  leading  commercial  s p a g h e t t i   sauce  was  combined  with  f r i e d  

g r o u n d   beef  and  cooked  acco rd ing   to  package   d i r e c t i o n s .   T h e  

above  p roduc t   and  the  analog  p r o d u c t   were  t es ted   by  a  panel  o f  

52  consumer s   and  rated  on  a  scale  of  0  to  100  for  the  fo l lowing 
a t t r i b u t e s :   overall   p r e f e r e n c e ,   tomato  i n t e n s i t y ,   spice  i n t e n s i t y ,  

o regano   i n t ens i t y ,   onion  i n t e n s i t y ,   s w e e t n e s s   i n t e n s i t y ,   s o u r n e s s  

i n t e n s i t y ,   flavor  of  meat  p ieces ,   meat  f lavor  in  sauce ,   m e a t  

t e n d e r n e s s ,   and  off  f lavor .   The  p r o d u c t   con ta in ing   the  a c i d -  

washed   analog  of  Example  1  was  p r e f e r r e d   overall   73  to  27.  T h e  

analog  resembled  g r o u n d   beef  in  t e x t u r e ,   a p p e a r a n c e ,   and  e a t i n g  

q u a l i t y .  



1.  A  p roce s s   for  p r e p a r i n g   an  improved  s h e l f - s t a b l e   s a u c e  

p r o d u c t   con ta in ing   analog  c o m p r i s i n g :  

a)  add ing   an  edible  acid  to  t e x t u r e d   pro te in   ma te r i a l  

having  at  least  about   25%  pro te in   to  lower  the  pH  to  

be tween   about   3.8  and  about   5 . 5 ;  

b)  add ing   a  p r o t e i n a c e o u s   b inde r   to  the  acidif ied  t e x t u r e d  

pro te in   material   of  s tep  a)  to  effect   a g g l o m e r a t i o n ;  

c)  h e a t s e t t i n g   the  a g g l o m e r a t e d   acidif ied  t e x t u r e d   p r o t e i n  

of  s tep  b)  to  form  an  a n a l o g ;  

d)  combining  the  analog  of  step  c)  with  a  s a u c e ;   a n d  

e)  hea t ing   the  combinat ion  to  s te r i l ize ;   a n d  

f)  e q u i l i b r a t i n g   the  sauce  mix ture   until  the  pH  is  less  t h a n  

about   4 . 6 .  

2.  A  p r o c e s s   acco rd ing   to  Claim  1  where in   the  t e x t u r e d  

pro te in   material   of  step  a)  is  h y d r a t e d   with  an  edible  acid  in 

w a t e r .  

3.  A  p roce s s   accord ing   to  Claim  1  where in   the  t e x t u r e d  

pro te in   material   of  s tep  a)  is  h y d r a t e d   pr ior   to  addi t ion  of  t h e  

edible  a c i d  

4.  A  p r o c e s s   accord ing   to  Claim  2  where in   the  edible  a c i d  

is  added  as  an  aqueous   acid  solut ion  at  a  solution  to  e x t r u d a t e  

ratio  of  1:3  to  1 : 4 0 .  

5.  A  p r o c e s s   a cco rd ing   to  Claims  2  and  4  where in   the  a c i d  

solut ion  t e m p e r a t u r e   is  from  65°C  to  9 8 ° C .  

6.  A  p r o c e s s   acco rd ing   to  Claims  2,  4  and  5  w h e r e i n  

exces s   acid  solut ion  is  s e p a r a t e d   from  the  p ro te in   b e f o r e  

p r o c e e d i n g   with  s tep  b ) .  

7.  A  p r o c e s s   accord ing   to  Claim  6  where in   the  p r o t e i n  

a f te r   s epa ra t i on   of  the  acid  has  a  pH  of  3.9  to  4 . 8 .  



8.  A  p rocess   a cco rd ing   to  Claim  6  where in   the  a c i d i f e d  

t e x t u r e d   pro te in   material  is  washed   with  water  a f ter   s e p a r a t i o n  

from  excess   acid  s o l u t i o n .  

9.  A  p rocess   a cco rd ing   to  any  of  the  p r e c e d i n g   c la ims  

wherein  the  edible  acid  is  an  i no rgan ic   a c i d .  

10.  A  process   acco rd ing   to  Claim  9  wherein  the  edible  a c i d  

is  p h o s p h o r i c   a c i d .  

11.  A  p rocess   a cco rd ing   to  any  of  the  p r e c e d i n g   c la ims  

wherein  the  p r o t e i n a c e o u s   b i n d e r   compr ises   egg  white  at  2%  to  12% 

by  weight  of  the  a g g l o m e r a t e d   acidi f ied  t e x t u r e d   p r o t e i n .  

12.  A  p rocess   acco rd ing   to  Claim  11  wherein  the  amount   o f  

egg  white  is  from  about   6%  to  about   12%  by  weight   of  t h e  

a g g l o m e r a t e d   acidif ied  t e x t u r e d   pro te in   when  the  pro te in   has  b e e n  

acidified  to  a  pH  of  less  than  about   4.6  and  where in   the  a m o u n t  

of  egg  white  is  from  about   2%  to  about   6%  by  weight  of  t h e  

a g g l o m e r a t e d   t e x t u r e d   pro te in   when  the  protein  has  been  a c i d i f i e d  

to  a  pH  of  g r e a t e r   than  about   4 . 6 .  

13.  A  p rocess   acco rd ing   to  any  of  the  p r e c e d i n g   c la ims  

wherein  the  h e a t s e t t i n g   of  s tep  c)  is  done  in  the  p r e s e n c e   of  o i l .  

14.  A  p rocess   a cco rd ing   to  any  of  the  p r e c e d i n g   c la ims  

wherein   the  equ i l i b ra t ion   of  s tep  d)  is  con t inued   until  e a c h  

d i sc re t e   piece  of  p r o d u c t   has  a  c e n t e r   pH  of  less  than  about   4 . 6 .  

15.  A  p rocess   acco rd ing   to  Claim  14  wherein  equ i l i b r a t i on   is 

completed  in  from  about  24  to  about   48  h o u r s .  

16.  A  p rocess   accord ing   to  Claim  13  wherein  the  fat  c o n t e n t  

of  the  hea t se t   analog  is  from  about   10%  to  about  18%  by  w e i g h t .  



17.  An  edible  s h e l f - s t a b l e   sauce  p r o d u c t   c o m p r i s i n g :  

a)  at  least  5%  by  weight   analog  p r e p a r e d   from  a g g l o m e r a t e d  

t e x t u r e d   pro te in   con ta in ing   a  p r o t e i n a c e o u s   b i n d e r ;  

b)  tomatoes ;   a n d  

c)  s e a s o n i n g s   and  s p i c e s ;  

where in   the  equ i l i b r ium  pH  is  a  maximum  of  about   4.6  a n d  

the  analog  t e x t u r e   is  a  minimum  of  about   75  kg-cm  m e a s u r e d   b y  

the  meat  g r i n d e r   m e t h o d .  

18.  The  sauce  p r o d u c t   of  Claim  17  having  a  water   a c t i v i t y  

of  about   0.96  or  g r e a t e r .  

19.  The  sauce  p r o d u c t   of  Claims  17  and  18  having   a n  

equ i l ib r ium  pH  of  from  about   4.0  to  about   4 . 5 .  

20.  The  sauce  p r o d u c t   of  Claims  17,  18  and  19  having  o n e  

or  more  analog  pieces  of  at  least  3/4  inch  (1.91  cm)  in  d i a m e t e r .  

21.  The  sauce  p r o d u c t   of  Claims  17,  18,  19  and  20  h a v i n g  

an  analog  t e x t u r e   of  from  about   75  kg-cm  to  about   180  k g - c m  

measu red   by  the  meat  g r i n d e r   m e t h o d .  

22.  The  sauce  p r o d u c t   of  Claims  17,  18,  19,  20  and  21 

having  a  fat  c o n t e n t   of  the  neat  analog  of  from  about   10%  to  a b o u t  

18%  by  w e i g h t .  
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